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Physiology. - - ''Investicjations into the internal secretion of the

pancreas". By N. Waterman M. D. (Communicated by

Prof. C. A. Pekelharing).

(Communicated in the meeting of February 22, 1913).

In the following paper we shall attempt to summarize some series

of experiments in eonnection with the internal secretion of the pancreas,

which, though highly probable, is still a matter of conjecture.

!•'' Series {A).

Upon evidence with which we need not here concern ourselves,

it has been concluded that tlie pancreas subserves the carbohydrate

metabolism through some product of internal secretion. This being

admitted it is quite natural that we shonld be induced to ascertain

whether stimulants that increase the activity of this organ, also exert

an action on the carbohydrates of the organism.

Among the agents that considerably promote the function of the

pancreas we selected the most potent, viz. secretin, discovered by

Bayliss and Starung. Our experiments showed results that gave rise

to the (|uestion whether we could trace any influence of secretin on

the amount of sugar in the blood. The fluctuations in this amount

were taken as an index of the changes in the carbohydrate meta-

bolism as the latter manifest themselves in the former.

Kvperimeiits.

1. Freparation of the secretin.

Dogs, kindly procured by the "Society for the prevention of cruelty



to animals" were, immediately after being killed, deprived of (lie

duodemum and the proximal part of the jejunum ; the mucous mem-
brane of these organs was rubbed np in the ordinary waj- and

mixed with 0.457o HCl, macerated for half an hour, then boiled,

neutralised with sodinm and tinall}" acidulated with some drops of

acetic acid.

2. The laboratory animal.

My first experiments were made on rabbits. I used this animal

because its amount of blood-sugar both in normal and abnormal

condition was pretty well known to me from earlier researches, in

which also the technique of the operation (ligature of the carotid),

presented hardl}^ any difliculty. According to the size of the animal

from 8—15 c.c. of secretin were given intravenously (per auricular

vein) ; at different intervals of time after the injection the amount

of sugar in the blood was estimated.

3. Estimation of blood-sugar.

The estimation was performed by cautious titration after Fehling.

Beforehand the Fehling-liquid had been accurately tested on invert-

sugar. Of the copper test solution 10 c.c. were diluted to 100 c.c.

and the reducing power of the blood-sugar solution was repeatedly

tested on 5 cc, until the liquid tfeing passed through a wet double

filter, gave no longer a red discoloration with an acetic acid solution

of potassium ferrocjanid.

4. Removal of proteins.

Proteins were separated from the blood after the old method of

Bernard (Na2S04 etc.).

The following table shows the results obtained in this manner;

TABLE I.

Num-
ber

Date Secretin Blood-sugar Remarks

Dec. 1911

12 cc

12 „

14 „

15 „

12 „

8 „

10 „

15 „

after 45 min. 0.14 %
„ 60 .. 0.082..

90



The following values obtained with normal animals without

injection of secretin are given for purposes of comparison

:

TABLE II.

Number
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Injection of secretin in most cases lowers the amount of sugar in

the blood, the average tall being 80 7o- This faculty of secretin

asserts itself even in counteraction to suprarenin, which of itself

produces an increment of 100 7o ^t the end of Vl^ hours, but only

50 7o under the given circumstances.

However, glucosuria appeared in all cases but one. That llie

results communicated here are due to the solo action of secretin lias

been distinctly shown by the experiments, which yielded negative

results with injection of other intestinal extracts.

These experimental investigations led me to endeavour (o tind out

whether an internal secretum of the pancreas could actually be

elicited and whetiier injection of secretin excited its activity.

Seco7id series (B).

It has often struck me, that only few workers have strenuously

exerted themselves to obtain in vivo the internal secretum of the

pancreas, putting aside of course Biedl's ^) and de Mp:yer's ^) experi-

mentation. The former examined the anti-glucosurian action of the

lymph from the thoracic duct. The latter the effect of pancreatic

extracts or of fluids which had been made to pass through the

pancreas artificially, on the glycogenesis of the liver. These researches

constitute the best work that has been done in this field, as (he

other investigations were restricted to biological experiments with

blood from the pancreatic vein, especially as regards its fermentative

properties.

Our purpose was ratlier to furnish large quantities of blood from

the pancreatic-duodenal vein for further experimentation on carbo-

hydrate metabolism. Let it be stated beforehand, that in large dogs

such quantities are not difficult to procure from this vein.

Method. In large dogs of 10—15 K.G. an incision is made

through the abdominal wall parallel to the arcus costalis to get

access to the pancreas, which is drawn out by the hook-shaped

finger and immediately wrapped in cloths soaked with a warm
physiological common salt solution.

It is then easy to tind the pancreatic-duodenal vein, which is

ligatured as near the trunk of the portal vein as possible. Subse-

quently a cannula is inserted, which cannot always be managed. In

case of failure the vein is simply cut through. At the same time

1) BiEDL. Wiener Kl. Wochensch. 1907.

"l ÜE Meyee. Archiv. Intern, de Phyü. 1910.
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20—40 cc. of secretin is injected intravenously or subcutaneously.

Most times ttie blood is discharged rapidly, sometimes it issues in

a jel; the blood flow can still be accelerated by kneading the pan-

creas with the full hand and by massage. In this way 80—250 cc.

of blood can be collected in about V4 hour. In some of our experi-

ments the blood was allowed to coagulate and we used the serum

separated in the clotting. Most often, however the blood was defi-

brinated at once.

With this blood or with this serum the following experiments

were performed

:

Specimens of this blood varying from 5— 20 cc. were used upon

rabbits^) subcutaneously, in which also V» nig'"- of suprarenin ^) was

injected. After the lapse of IV2 hours the blood-sugar percentage was

determined. The experiments however varied in some details according

to the various treatment of the pancreas blood that had been admin-

istered. Usually three specimens of dog's blood were given separately

to three rabbits of equal weight. The specimens, however, were all

different inasmuch as either the blood had flowed from the vein

prior to the injection of secretin, or this had occurred concomitantly

with the injection, or the blood had been heated for halfanhourat

56° C, or finally the blood had been liberated from its proteins by

addition of three times its volume of alcohol, the alcoholic filtrate

having been evaporated down to its original volume.

We subjoin a table illustrating the results of some of our most

successful experiments.

By the side of these experiments others were made upon rabbits

with homologous serum. It being, however, very difficult to draw

an adequate quantity of blood from the rabbit's pancreatic vein, we

have to content ourselves with reporting only one satisfactory test.

From the pancreatic vein of a rabbit, weighing 3 K.G., 8 cc. of

blood was obtained. Four cc. of serum were separated . Subsequently

12 cc. of secretin were injected per vena auricularis; and 15 cc. of

blood, furnishing 7 cc. of serum, were drawn from the pancreatic vein.

Next day 2 rabbits, weighing 1300 grras were injected intravenously.

The first got the 4 cc. of serum of the first sample and immediately

after 1 mgr. of levorotatory suprarenin. The percentage of sugar in

the blood was 0.297 after r/a hours. The urine passed in 24 hrs.

was 15 cc. with 0,6 Vo of sugar.

1) In order to avoid complications the foreign serum was injected only once

into each rabbit.

2) lu this experiment as in all others only fresh suprarenin was used from

vials that had just been opened.



TABEL IV

\A/^;o-h* i

Pancreas blood Supra-Weight
I Jn.V^f^H I .onJninjected

Blood-
sugar

Urine in 24 hours Details

20 2.8 K.G.

21 jl.l „

22 jl

23 1.25 „

24 1.3 .,

I) i>

25 1.3
I) I)

26 12.2

27 I 1.2

28 1.25

29
I
1.3

5 cc serum

5 „ (blood)

4.5

10

10

10

10 „ serum

20 „ blood

20 „ heated
for half an hour
at 56° C.

23 cc. liberated

from protein
with 3 X its

volume of alco-

hol 960'o and
evaporated doM^n
to its original

volume.

0.5 m.g.

0.5 „

0.5 „

0.5 „

0.5 „

0.5 „

0.5 „

0.5 „

0.5 „

0.5 ,.

0.1950/0

0.183 „

0.156 „

0.134 „

0.189 „

0.177 „

0.153 „

0.185 „

0.145 „

0.151 ..

40 cc a 6 '/2% glucose

not collected

contains much glucose

40 cc a . 1 20/0 glucose

presence of glucose

40 cc +

> 30 cc a 0.30/0

50 cc a I.80/0

30 cc a I.680/0

70 cc a 1.50/0

Serum from pancreas
acted upon by secretin.

Blood from pancreas be-
fore injection of secretin.

Blood from pancreas
acted upon by secretin.

Blood under the influ-

ence of secretin.

Blood from pancreas be-
fore injection of secretin.

Blood from pancreas
acted upon by secretin.

Blood under the influ-

ence of secretin.

Blood under the influ-

ence of secretin.

Blood under the influ-

ence of secretin. Next
day hemoglobinuria ap-
pears.

Blood under the influ-

ence of secretin. No
derangements.

The 2"*^ rabbit got 2 cc. of the serum obtained under the influence

of secretin, also intravenously. A few bubbles of air, injected along

with the substance were responsible for a slight degree of dyspnoea

in the animal, which, however, disappears within a quarter of an

hour; 5 minutes after this intravenous injection 72 i^^g^'- of '^voratatory

suprarenin was administered subcutaneously. At the end of V/^ hrs.

the amount of sugar in the blood is 0,178 7o- After 24 hrs the

quantity of urine is 55 cc. with traces of sugar.

From the experimental evidence above stated it would seem

permissible to conclude with a high degree of probability :

1. that together with the blood, a substance is secreted through

the pancreatic vein, which, in rabbits, is capable of neutra-
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Using to some extent tlie action of levorotory suprarenin on

tlie sugar-content in the blood, but that, on the other liand,

this does not apply to the giucosuria, which, judging from the

values above mentioned, has a tendency to be relatively higher

with a reduced than with an increased amount of blood sugar.

2. that injection of secretin seems to stimulate the activity of

the blood from the pancreatic vein.

3. that, to judge by some experiments, heretofore presented,

(others were made which shall be dealt with in a later publi-

cation) the substance producing this action is thermostabile

and is soluble in 75 7» alcohol.

Third Series (C).

In connection with the preceding experiments the question suggested

itself as to whether the antagonism between suprarenin and the

l»lood from the pancreatic vein was to be looked upon as tlie out-

come of the action of a substance, which exalts the glycogenesis or

of one iidiibiting the gijcogenolysis.

Concerning this point 1 purpose to publish some data afterwards.

For the present 1 feel called upon to bring forward two experi-

ments demonstrating the action of the blood from the pancreas on

the glycogen in the liver. It may be taken for granted that with a

dog in nitrogenous equilibrium every derangement in the process of

carbohydrate metabolism will also affect the N. metabolism in one

way or other. Two successful experiments are available (others were

l)erformed, which, however, did not always yield conclusive evidence)

actually pointing to a change in the N-metabolism. It was also evi-

dent fr®m all these tests that giucosuria is likely to appear, and that

in some cases traces of sugar occurred after the injection of blood

from the pancreatic vein.

We present the data of the tests reported here in the following

table : (see table page 9)

N". 36. The urine of a dog in N. equilibrium and weighing

5^2 KG. was tested for sugar every day, invariably with a negative

result. On the 23"^' of Dec. 30 cc. of blood from the pancreatic vein

was injected. Within 24 hrs two portions of urine were collected

(80 cc. reduced Fehling and yielded a positive fermentation test;

60 cc. reduced and yielded a positive fermentation test).

N". 37. 30 cc. of blood from the pancreatic vein, liberated from

protein by 96 cc. of alcohol and evaporated down to its original



TABLE V. (Dog 7 KG.)

34 11 June '12

12

13

14

15

16

17

18

100 gr. horse-
flesh

100 „ milk
50 „ bread

150 gr. horse-
flesh

100 „ milk
50 „ bread

same diet

;2
^-"J-j 1.695

11 p.m. )

11 p.m.

12 a.m.
3.729

Total 5.424

2.31
12 a.m. /

11 p.m. )

11 p.m. (, 22
12 a.m. r-^^

Fetal 6.53

12 a.m. } . of-r.

11 pm. r-

li
P"^- [2.214

12 a.m. \

samen 6.282

12 a.m. )

11 p.m.

11 p.m.
12 a.m.

4.013

4.208

Total 8.221

12 a.m. ^3 ^Qg
11 p.m.

)-^-'^

liSm' |4.407
12 a.m. )

Total 8.113

12 a.m. (I

11 p.m.
ü

11 p.m.
22 a.m.

1.864

3.254

Total 5.118

12 am. ^ 9 ^,9
11 p.m. r-^
11 p.m. l^ g5
12 a.m. r

Total 4.462

|2
a.m.

J3 823
11 p.m. )

p.m.

12 a.m.
3.084

30

75

105

33

110

143

60

49

109

48

78

126

44

75

119

20

50

70

34,

21

55

47

78

Total 6.907j 125

At 8 p.m. a subcutaneous

injection of 20 c.c. of

blood from the pancreat-

ic vein under the influ-

ence of secretin.

At 11 p.m. the first hour
of a new period of 24

hrs 20 c.c. of dog's blood
from the jugular vein

is used subcutaneously.
Two weeks before part

of the pancreas had been
extirpated without evo-

king diabetes.
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TABLE VI. Dog 11 K.G.

NO. Date N. per 24 uur Remarks

35 30 Aug.

31

1 Sept.

300 gr. horseflesh
100 » milk
50 » bread

same diet

average =9.7

1st portion 4.236 gr

'2d > 5.92 »

Total 10.156gr.

, 1st portion 4. 143 gr,

'2d » 7.167 »

Total 11.31 gr.

1st portion 6.7 gr.

2d » 3.791 »

Total 10.491 gr.

1st port.

'2d »

urme
only
once

10.27 gr.

1st port.

2d >

urme
only
once

Total 7.494 gr.

1 1st port.

J2d »

Total
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These experiments show, tliat the blood from the pancreatic vein

at ürst exahs the N. metabolism and then/ lowers it again. Under

these circumstances it would not be proper to dwell any longer on

these contrary effects, as we are unable to account for them satis-

factorily.

It also appears that the blood favours the permeability of the

kidney tubules for sugar.

This experience throws ligiit on the contrary results in our preceding-

series of experiments in which the glucosuria was disproportionate

to the sugar content in the blood. It would seem then that the

secretuni of the pancreas subserves the function of the kidney as

well as the glycogenesis of the liver. Indeed, this has also been

admitted by de Meyer and others, however, on a different basis

and just the other way about, De Meyer held that the internal

secretuni of the pancreas prevented sugar from passing through the

kidney. It must be borne in mind, hov;ever, that de Meyer experi-

mented with artificial renal cii-culations, which readily lead to para-

doxical phenomena.

Summary.

1. Secretin decreases the amount of sugar in the blood.

2. The blood that has passed through the pancreas, is capable

of neutralising the action of levorotatory suprarenin on the sugar

content in the blood. In this study no effort has been made to detect

whether this action is due to a diminished si)litting of the gljTOgen

in the liver or [)erliaps to an increase in the formation of glycogen.

Presumably the activity of this blood (internal secretuni) is furthered

by the injection of secretin. The secretuni is thermostable and is

soluble in alcohol. These results are perfectly concordant with

De Meijer's experience.

3. Our experience that the secretum favours the permeability of

the kidney for glucose instead of lessening it, clashes with the results

of De Meijer's investigations.

Rotterdam, Dec. 1912.

Botany. — ''On the nucleolus and kuinjvkinesix in Zj/(/ne)na\ By

Prof. C. VAN WissELiNGH. (Commuiiicated by Prof. J. W. Moll).

(Communicated in the meeting of April 25, 1913).

Whilst Spirogyra has very often been used for the investigation

of the nucleus and nuclear division, Zygnema has so far as I know,

up to the present only been studied for this purpose by two inves-

tigators. It should be no cause for sui-prise that the latter alga has
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genei-ally been neglected. Tlie dimensions of tlie cells and nuclei are

so much smaller than those in the larger species of Spirogyra, that

one would expect to meet with still greater difficulties in a karyo-

kinetic investigation than would arise in the case of Spirogyra.

Such is indeed the case and in studying karyokinesis I have not

been able to trace the details of the process to the same extent as

in different species of the genus Spirogyra.

Mabei. L. Merkiman M was the first to study karyokinesis in

Zygnema. She could not with certainty identify the species studied,

because she had no zygospores at her disposal. The chief results of

her in({uiry were as follows.

She found in the nucleus of Zygnema no body that corresponds

to the nucleoli of higher plants. There is in the middle of the

nucleus a central body that is composed of the greater portion of

the cromatin-granules, whilst the rest of the chromatin-granules is

situated in the peripheral network between the central body and

the nuclear membrane. During karyokinesis the central body splits

into many small ones, whilst the granules in the network increase

in size. In this way there are formed 20 or more mostly loose

chromosomes. A spirein is not formed. The chromosomes come to

lie in a ring round the centre. The nuclear membrane dissolves.

Then the chromosomes approach one another, and unite into 4 to 6

tetrads or groups of four, which become arranged in two parallel

planes, lying close together. The chromosomes of these two planes

separate. No longitudinal splitting takes place. The groups of four

now divide into smaller groups, which form two rings. Thereupon

the central body is formed, composed usually of the greater number

of the chromosomes. A nuclear membrane also appears again.

Daughter nuclei with many tetrahedral granules, with several masses

and with a single mass are observable.

EuD. EscoYEZ ') investigated the nucleus and karyokinesis in a

species of Zygnema, which he believes to have been different from

that studied by Miss Merkiman, but which he could not identify.

His results are entirely different from those of Miss Merriman. He

states that in the resting nucleus, there can be distinguished a net-

work, an ordinary nucleolus and a nuclear membrane. Rarely there

are two nucleoli in the nucleus. The nucleolus, according to Escoyez,

lies in a cavity (cavité périnucléolaire) which is surrounded by a

1) Mabel L. Merriman, Nuclear division in Zygnema, Reprinted from The Bo-

tanical Gazette, 41, Jan. 1906, p. 43-53.

2) EuD. Escoyez, Le Noyau et la Garyocinèse chez le Zygnema, Extrait de la

Revue «La Cellule", t. XXIV, 2d fasc. 1907, p. 365-367.



verj thin membrane. He tliinks it possible, however, that this cavit^^

is formed in the fixing. He describes the nucleolus as mostly sphe-

rical and homogeneous; in some cases it shows an irregular, very

aberrant form.

EscoYEZ states tiiat during the prophase of karyokincsis thicker

parts arise in the network which shows a looser structui-e. Fiiuiily

30 to 40 chromosomes are formed which resemble rod lets.

The chromosomes arise directly from the network wliicii does not

first form a spirem. The nucleolus plays no morphological part in

the formation of chromosomes. Its shape undergoes modification

and finally it completely dissolves. Escoyez states that tiie nuclear

spindle penetrates into the nuclear-cavity and that the chromosomes
subsequently form an equatorial ring. Then longitudinal splitting

takes place, the chromosome halves take u|) a position near the two
poles of the nuclear spindle, which are found near the chromato-

pliores. They crowd together into plate-shaped bodies. Later they

again become visible to the number of 30 to 40. Gradually a net-

work forms which corresponds with that of the resting nucleus.

EscoYEZ says that the nucleolus is first a small body which gradu-

ally increases in size. Its formarion is independent of the chromosomes.

The object of Escoyrz's investigation was not only to control Miss

Merriman's results, which diverge greatly from those generally obtained

in karyokinetic inqqiry, but he wished also to answer the question

whether Zygnema so far as the nucleolus and karyokinesis are concerned,

agrees with Spirogym where according to Escoyez J Bekghs ^) has

established that the twelve chromosomes arise exclusively derived

from the nucleolus. As is already evident from the above, Escoyez's

investigation yielded negative results on both points. His results

differ widely from tiiose of Miss Merriman and also from those of

Berghs obtained with S/nroyyra.

With regard to the latter, I remark, that the opinions of investi-

gators on the nucleolus and karyokinesis of Splroyym are very

divergent and that weighty objections can be advanced against the

conclusions of Berghs in particular '^).

The object of my own incpiiiy was to answer the quesüon

concerning the agreement of the two genera in respect of the nucleoli

and karyokinesis, of which I had ab-eady made a complete study in

five species of Spiroyyra. The results obtained with three thick

1) J.-Berghs, Le Noyau el la Cinèse cliez le Spirogyra, Exlxail de la Revue ""La

Cellule", t. XXllI, ler fasc. li;06, p. 55—85.
-) G. VAN WissEUNGH, Ueber die Karyokinese bei Oedogonium, Beiliefte zum

Botan Ccntralblatt. Bd. XXIII (1907), Abl. I. pag. 152 and foil.
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species have been already described ^), those with (wo thinner ones

are still to be published.

The species of Zygnema which I examined and of which I also

had the zygospores, I identified as Zygnema cruciatum.

The method of investigation was mainly the same as that which

I had previously used with good results in the case of Spirogyra

and other plants, namely, fixing with Flemmung's mixture and treating

with chromic acid. I moditied the method slightly so as to facilitate

the investigation of Zygnema. The many globules of fat in the

cytoplasm sometimes greatly hinder the investigation of the nuclei.

For this reason T tixed with absolute alcohol, then left the material

for some days in ether, transferred it again to absolute alcohol

and replaced this by distilled water. Finally the material was placed

in F],emming's mixture, in which it remained some days, until the

treatment with chromic acid yielded the desired result, namely, slow

solution of the cytoplasm and cliromato})hores and isolation of the

nucleus. The latter afterwards gradually dissolves, during which

process some of the more resistant parts become very clearly visible.

No contraction or coalescence of the protoplast should occur.

vShould this happen as the result of a faulty application of the method,

the material is useless. The strength of the chromic acid solution, which

I applied was 10 or 257o- Sometimes the chromic acid, when it had

acted sufficiently was washed out with distilled water and the prepa-

rations were stained blue by means of "Brilliantblau extra grUnlich".

The preliminary ti-eatment with alcohol and ether was advantageous

and unaccompanied by any drawback. The troublesome fat was got

rid of and it seemed to me that the tixation of the nuclei in

Zii<jnema was even better than l)y the direct action of Flemming's

mixture. 1 did not see the cavity round tlie nucleolus, which Escoyez

named cavilé périnucléolaire, and regarding the existence of which

in the living object there are also differences of opinion in other

cases. Therefore 1 assume that no such cavity occurs in the living

material and tins agrees with the results I obtained previously with

other plants.

Resting micleus. The nucleus is situated in the middle of the cell

between the two chromatophores and is stretched longitudinally.

The following parts can be distinguished in the resting nucleus: the

nuclear membrane, the network composed of small granular bodies

1) C. VAN WissELiNGH, Uebei" tlen Nucleolus von Spirogyra, Bot. Zeitung 1898,

Heft Xl'XII, p. 195. — Ueber Keinteilung bei Spirogyra, Flora, 1900, 87. Bd.

4. Heft, p. 355. - Untersuchuogen über Spirogyra, Bot. Zeitung, f902. Heft VI,

p. 115. — Ueber abnormale Kernteilung, Bot. Zeitung, 1903, Heft X/XII p. 201.
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united bj fine threads, and the niicleolns. T iievei* saw a resting

nucleus witli two nucleoli. There is nothing special to say about tlie

nuclear membrane and the nuclear network. With regard to the

latter there is here as little reason as in other cases for assuming

that the granules and the connecting threads are chemical Ij dilTerent.

The nucleolus calls for special attention. Superficial observation

would lead to the assumption that it is an almost spherical body,

about which nothing special can be said. More exact observation,

even before the action of chromic acid, shows that sometimes two

small points on the nucleolus can be disiinguislicd. During t!ie action

of chromic acid Ihey become much more visible and are seen to l)e

small bodies which sometimes resemble rodiets. They are situated

on the periphery of the nucleolus, usually opposite one another and

seem often half immersed in the principal mass. According as a

more concentrated or weaker solution of chromic acid is used, the

nuclear network or the main mass of the nucleolus dissolves first.

In either case, however, the two small bodies show a longer resis-

tance. During the process of dissolution it can be seen that the two

small bodies are united by a thread which generally runs across

the nucleolus and is straight or slightly l»ent, but which may also

be much curved. When the nuclear network has dissolved and the

chromic acid has also had a strong solvent action on the main

mass of the nucleolus, the thread which unites the two small bodies

can be distinguished, and when the preparations are further stained

with "Brilliantblau extra griinlich", all is still more clearly and

more easily visible. The two corpuscles are stained dark-blue, the

thread, which unites them, is paler and the rest of the nucleolus is

light blue. After more prolonged action of the chromic acid the

threa^i with the two corpuscles alone is still present; after a still

longer action only the' latter are found and finally these also are

seen to have dissolved. This can all be seen with special clearness

after staining with "Brilliantblau extra griinlich."

In every [ireparation that I made, the above observations were con-

firmed dozens of times, so that I am in no doubt that the nucleolus

in Zt/ipiema diffei-s in type from that of the higher plants, and resembles

the nucleolus of Spii'ogyra in having a [)eculiar structure. In

Spirogijra there are two convoluted threads or a threadwork or

network, in Zi/qnema cniciatum there are two short corpuscles

united by a thread oi- indeed a thread with two thickened ends.

I consider the main mass of the nucleolus in Zygncma as identical

with the substance which occurs in Spirogijra together with the

threads or the thread- or network in the Jiucleolus. I have not been



able to answer the question whether the nucleolus in Zygnema, like

that of Spirogyra, possesses a membrane.

A few nucleoli did not seem to correspond to the above descrip-

tion, although I cannot definitely state, that these were aberrant.

I have never met with very abnormal nucleoli such as Escoyez

observed in the resting nucleus so that the question occurs to me
whether such nucleoli do not arise in fixing, like the perinucleolar

cavity or whether perhaps they may be of a pathological nature.

Karyohinesis. In investigating karyokinesis in Zygnema the first

question concerned the behaviour of the thread with tickened ends

in the nucleolus, for in Spirogyra crassa I was able to determine

witliout interruption the karyokinetic changes in the two nucleolar

threads. In Zygnema I have not succeeded in doing this. Observa-

tion in this oase must necessarily be so much more minute and is

accompanied by so many more difficulties, that after a few futile

attompts 1 was obliged to abandon the study of the changes in the

nucleolar thread. I am unable therefore to give any further infor-

mation about this important point.

At the beginning of karyokinesis the nuclear network has a

somewhat coarser and looser structure; everywhere there arise by

aggregation portions which are much thickened, whilst the meshes

become wider. The nucleolus acquires an irregular shape and. seems

to dissolve completely. By further aggregation of the nuclear network

threads are formed, resembling strings of pearls. The nuclear-wall

is then still visible. In later stages it is dissolved and the network

has formed a number of short, thick corpuscles, which are connected

together by thin filaments. Meanwhile there arises from the cyto-

plasm gatheiicd round the nucleus a well developed nuclear spindle,

whose pointed poles extend to the chromatophores. The nuclear

network now moves back more and more into the equatorial plane,

so that finally there is in the centre of the nuclear spindle a flat

round disc surrounded by the spindle-fibres. This is the nuclear^

plate. It is composed of a number of small bodies resembling short

thick pieces of thread or lumps which are joined to each other by

fine threads, or they may be intimately connected or completely united.

Their number cannot be determined. Clearly visible and well-formed

chromosomes, such as occur in some Spirogyra species to the number

of 12 or 6, are not found in Zygnema, but there is no great objec-

tion to calling the small, short bodies of the nuclear plate chromo-

somes, in agreement with the usual nomenclature. The mass

out of which the nuclear plate is composed appears noticeably

smaller than that of the network of the resting nucleus.
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Tlic nuclear plate of Zyr/neraa cruciatum is not ring-shaped. Miss

Merriman and Escoyez believe that tlie^' have seen annular nuclear-

plates in Zygnema, but I think this in a visual delusion. When a

nuclear-plate is seen edge-ways it may appear as if it were a ring,

but if looked at afterwards from the side, as is possible in using

the chromic acid method, all doubt immediately vanishes. I came to

the same conclusion with Closterium '), in which Lauterborn ^) had

described a ring-shaped nuclear-plate.

Tlie nuclear-plate divides by longitudinal splitting into two halves

which separate. At first their structure becomes more dense. When,

by the use of chromic acid, they have been isolated and fall over,

they somewhat resemble round discs which appear spotted in conse-

quence of local differences in density. These halves of the nuclear-

plate develop into daughter-nuclei which acquire a membrane and

consequently show a sharp outline. It is difticult to say when the

nuclear membrane reappears. The dense structure of the halves of

the nuclear plate again gives place to a looser one and finally there

is again spread out within the nuclear-membiane a fine network,

which resembles that of the resting nucleus. During the entire process

of karyokinesis the nuclear network forms a coherent whole. When
the structure becomes looser again, the nucleoli also quickly appear.

At first there can be distinguished in the network many small masses

more or less globular and irregular, which gradually unite into

several larger masses and finally form one single spherical mass in

the centre of the nucleus. This representation of the origin of the

nucleolus differs very much from that given by Escoiez, but it

agrees with what has been observed in Spirogyra where also many

nucleoli flow together into a single one.

There is a further point to be noted concerning the development

and position of the daughter nuclei in Zygnema cruciatum. In Spiro-

gyra and other cases the halves of the nuclear plate take up a

position near the poles of the spindle where they develop into

daughter-nuclei. In Zygnema cruciatum the development takes place

earlier. Before the poles have been reached, the daughter-nuclei

have already a membrane and consequently show a sharp outline,

whilbt the nucleoli have already united into several larger masses.

The spindle-fibres lie immediately against the daughter-nuclei. Between

the halves of the nuclear plate, the spindle greatly increases in

1) G. VAN WissELiNGH, Ueber Kernstruktur und Kernteilung bei Closterium, Beih.

zum Bot. Gentralbl., Bd. XXIV a912), Abt. I. p. 429.

2) R, Lauterborn, Unteisuchungen über Bau, Kernteilung und Bewegung der

Dialomeen, 1896. Fig. 68.

2

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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Circumference ihrougli its fibres becoming longer and bending out-

wards. At the end of karjokinesis the spindle moves away and

often turns so that its longitudinal axis makes an angle with that

of the cell. The daughter-nuclei move against the chromatophores

which divide into two. Thej take up a position between the new

chromatophores of the daughter-cells. The transverse wall develops

in the same way as in Spirot/j/ra. It ai-ises at tiie longitudinal wall

and grows inwards until the cell is divided into two. The division

of the chromatophores generally occurs after celhdar division, but it

is not limited to the latter, for cells with 3 or 4 chromatophores are

sometimes met with.

Sunnnari/ of results.

1

.

In Ziignema cruc'uitnm as in Spimgyra the nucleolus has a peculiar

structure. It contains a l bread with two thickened ends or indeed

two corpuscles, which are united by a thinner thread.

2. The nucleolus dissolves when karyokinesis begins. I cannot say

with certainty whether, as in Spiro(/i/ra, there remain behind morpho-

logical elements, which jilay a part in karyokinesis, but I consider

this piobable.

3. There is no perinucleolar cavity (cavité périnucléolaire of

EscoYEz) in living specimens of Zygnema cruciatum.

4. In Zygnema the chromosomes, short threadlike pieces or lumps,

arise from the nuclear network, as Escoyez also assumes and not

from the nucleolus, as Miss Merri.man imagines.

5. During karyokinesis the chromosomes remain continually united.

6. In Zygnema cruciatum the chromosomes do not form tetrads

as i\liss Merriman claims to have established in this genus.

7. The nuclear membrane dissolves, but this is not accompanied

by a penetration of the spindle-fibres into the nucleus or nuclear

cavity.

8. The halves of the nuclear-plate arise, as Escoyez also assumes,

through longitudinal splitting of the nuclear-plate, and not through

the grouping of the chromosomes in two parallel planes without

splitting, as Miss Merriman maintains.

9. In Zygnema cruciatum tiie nuclear plate is disc-shaped and not

annular as Miss Merriman and Escoyez believe they have seen in

Zygnema.

10. The network of the daughter-nuclei develops from the halves

of the nuclear plate.

11. The nucleolus is formed Iw the coalescence of many smaller

ones to a single body.
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12. In Zi/gnema cruciatum (he lialves of the nuclear plate develop

already to daiigliter-nuciei within the niicieai' spindle, and before

they reach the poles. That part of the S])indle which lies between

the daughter-nuclei increases in circumference, so that the spindle

becomes peculiar in shape.

The results obtained by Miss Merriman, Escoyez and myself differ

very greatly. This may partly be ascribed to the circumstance that

different species of Zygnema were investigated. To a much greater

extent the differences must be assigned to other causes, in particular

to a different interpretation of observations. The observations them-

selves however, are also sometimes different and perhaps notahvays

complete. Also the fixing agent and the method of investigation may
contribute to the divergence between the results of different inves-

tigators. Escoyez, for example, observed a perinucleolar cavity, whilst

I, using an other method of fixation observed no such cavity. Miss

Merriman and Escoyez both believe they have seen ring-shaped

nnclear-plates, whilst I came to a different conclusion, using a

method hy which (he nuclear-plates could be observed edgeways as

well as sideways.

It seems to me desirable that the various investigators should

endeavour to complete their observations on Zygnema, and extend

them to more species and also should ai)ply different methods of

investigation. Exchange of material might also be very useful. Some

such action would be conducive to agreement, which will not be

readily obtained by other means.

Physiology. —- "On the change in the permeahiUty of the red blood

corpuscles (also in man/'. (A contribution to the knoioledge

of chlorine-retention in feoer ^). By I. Snapper. (Communicated

by Prof. Hamburger).

(Communicated in the meeting of April 25, 1912).

It has been known for a long time that in a number of febrile

diseases an important change in the excretion of chlorine is to be

observed. Undei- normal circumstances, all the chlorine which is

taken up wdth the food leaves the body within 24 hours, not so,

however, in the abo\'e mentioned diseases ; though the patients take

daily 5 or 6 grammes of NaCl, only some hundreds of milligrammes

1) A detailed account of these researclu^s will be published in the Biochemische

Zeilschtift, and in the Zeilschrift fur Klinische Medizin.

2*
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ni*e excreted. This means an almost absolute retention of chlorine.

Many theories have been suggested to account for this i-etention,

without a satisfactory explanation being an-ived at. Our investiga-

tions have shown that the chlorine percentage in blood and blood-

serum has fallen so mupli, tliat the kidneys can no longer withdraw

chlorine from the blood ^). The lower chloi'ine jiercentage of the

blood can oidy be explained by the supposition that chlorine is

retained by the tissues, and that it does not, as in normal circum-

stances, pass from the tissues into the blood. The question: "what

causes chlorine retention in febrile diseases" is, therefore, tui-ned

into another question: "why does not chlorine pass, in these circum-

stances, from the tissues into the blood ?"

Is it because the permeahility of the tissue-cells for chlorine has

been modified?

It is difticult to invest igcate the permeability of human tissue-cells,

even for anorganic substances. The only cells which admit of such

researches are the red blood-corpuscles. Hence we ha\e made use

of these cells. But before experimenting on this valuable material,

it was found desirable to in\'estigate various questions relating to

permeability, on the blood-corpuscles of animals.

If the composition of the medium in which the red blood-corpus-

cles are suspended is altered, interchanges between red blood-cor-

puscles and their medium take place. Until now it has been found

possible to explain these interchanges, as an osmotic phenomenon^);

there was no need to assume that a change in the nature of the

surface of the red blood-corpuscles had taken place. It was even

found that an intentional modification of this surface did not modify

the osmotic interchanges.

Hamburger, namely, found that an addition of chloroform to red

blood-corpuscles did not in the least atfect their resistance to diluted

salt-solutions '^). This result had not been expected by him. Indeed

there were grounds for assuming, that the lipoid snbstances, which

form at least part of the surface of the red blood-corpuscles, are

softened by chloroform. After this process this outer layer will offer

less resistance to the swelling caused by hypotonic solutions. Still

nothing of this decreased resistance was observed. And we too

could show, in accordance with this fact, that the interchange of

1) I. Snapper, Dissertatie, Groningen 1913.

*) Hamburger, Osmotischer Druck. und lonenlehre.

S) Hamburger. Biologie der Phagozyten. 19 1 3, p. 199.

This resistance of the red blood-corpuscles is a good criterion as regards their

permeability.
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substances between blood-corpuscles and inediiini remains absolutely

unaffected by the addition of chloroforin (see p. 1469).

Yet we found that there are cases when a modification in the

nature of the surface, and consequently a modified permeability ??iz^5<;

be assumed.

From considerations which cannot be detailed here, but which
are connected with the varying results obtained by Hamburger with

intravenous injections of salt mixed with acid, on horse and calf,

the following experiments were made.

I. Ex-perimental modification of the chlorine-interchange

under the influence of acids.

The experiments were carried out with horse's, cow's, and dog's

blood. In order to find a criterion for the normal permeability of

the blood-corpuscles, it was first investigated how chlorine behaved

if part of the serum was replaced by a Na^SO^-solution. It was
known that if all the serum of the blood was replaced by an isotonic

NajSO^-solution, chlorine passed from the blood-corpuscles into this

sulphale-solution: this is an osmotic process, dependent on the nor-

mal permeability of the blood-cells. In order not to deviate too far

from physiological conditions, only part of the serum was replaced

by Na^SO^-solution; then it was investigated if the chlorine-percen-

tage of the serum had been changed, owing to chlorine having

entered into the blood-corpuscles or having left them.

In all the experiments, of 15 cm' of blood 1 cm' of serum was

replaced by 1 cm' of isotonic or 2 X hypertonic NajSO^-solution.

Since part of the serum is replaced by a solution containing no

chlorine, the chlorine in the serum must decrease. This decrease,

however, can be calculated beforehand from the amount of serum

contained in 15 cm' of blood. Supposing for instance, 15 cm' of

blood contain 9 cm' of serum, replacing I cm' of serum by the

sulphate-solution must, therefore, cause the chlorine of the serum to

fall to Yg of the original amount. It appears now that in the above-

mentioned kinds of blood, after + 12 7o of the serum has been

replaced by ]S1a.^SO^-solution, the chlorine in the serum falls just as

much as could be calculated beforehand from tlie dilution of the

serum with a solution containing no chlorine.

It ma^' not be concluded from this that under these circumstances

no chloj-ine leaves the blood-corpuscles. The addition of the 2 X
hypertonic Na^SO^-solution causes the blood-corpusclus to shrink,

because water passes from the blood-corpuscles into the serum
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Thereby the serum woiikl be more diluted than could be calculated

from the addition of the solution which contained no chlorine. That

in spite of this the chlorine of the serum agrees with the value

calculated beforehand, proves that, with the water, chlorine has

passed from the blood-corpuscles into the serum.

The following experiment may serve as an example :

EXAMPLE.
Change in the amount of chlorine of the serum of horse's, cow's, and dog's

blood, if 12 0,0 of the serum has been replaced by sulphate-solution.

5
cc.

of

blood

1
cc.

is

replaced

by

1
cc.

hypertonic

Na2S04-

n

chlorine

of

4
cc.

of

corresponds

with

:
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Hence the conclusion was conji fined that an addition of chloroform
does not aj/'ect the pernieabilitij of the red blood-corpuscles.

Does the fact that lipolytics do not affect tlie permeabiJity of the

red blood-corpuscles, prove that their i)ernieability cannot be

modified?

Others have proved from analyses that the view that the stroma

of the red blood-corpuscles consists exclusively of lipoids, is incorrect.

Only a third part of the stroraata are formed by lipoids, the other

two thirds are albuminous substances ^).

For the permeability for anorganic substances, however, the subject

under consideration, the albuminous part of the stroma of the

blood-corpuscles will be the most impoitant: lipoid membranes are

impermeable for anorganic substances, albuminous membranes are

permeable. A priori it is, therefore, probable that lipolytic substances

will not affect the permeability for anorganic matter, as they leave

the albuminous part of the stroma intact.

In order to settle the question about a change in the permeability,

another substance than chloroform had to be added to the blood.

An acid was taken, because acids act upon albumin.

It was known that acid, added to blood, causes the blood-corpuscles

to swell and effects a transfer of chlorine from the serum to the

blood-corpuscles. This also takes place when acid is added to a

suspension of other cells in serum '').

This transfer of water and chlorine was observed again when
these experiments were repeated. It was, however, also observed

that after an acid had been added, the permeability of the red

blood-corpuscles had changed. The latter conclusion was based on

the following observations :

1. Of 15 cc. of blood 1 cc. of serum was replaced by 1 cc. of

an isotonic Na.SO^-solution, to which a trace of H^SO^ had been

added. The transfer of chlorine, taking place now, is considerably

greater than that effected by H^SO, only. In normal blood an

addition of the same volume of Na,S04 causes no transfer of chlorine.

If, however, an acid has been added to the blood, the Na^SO^

increases the ti-ansfer of chlorine, under the influence of the acid.

Hence Na^SO^ acts in, different manners upon normal blood and
upon blood to lohicli an acid has been added : the permeability of
the red blood-corpuscles has been affected by the acid.

1) Pascucci. Hofmeister's Beitrage. Bd. VI. 1905.

2) Hamburger I.e.
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EXAMPLE.
In normal blood hardly any transfer of chlorine if + 12% of the serum is replaced

by 2 X hyperton. Na2S04 solution.

In blood to which an acid has been added, a considerable transfer

of chlorine, under the same circumstances.

Of 15 cc. of blood 1 cc. of serum is replaced every time by:

1 c.m3. - n . H2SO4
1 cc. of a ^ n . H2S04-solution,

which at the same time contained so
much Na2S04 that it was 2Xhypertonic:

chlorine of

4 c.m3, serum

4.23 C.m3. AgNOa

chlorine of 4 cc. of serum

3.96 C.M3. AgNOa

2. As we said before, in normal blood it makes no difference if

of 15 cc. of blood 1 cc, of serum is replaced by 1 cc. of isotonic or

1 cc. of 2 X hypertonic Na^SO^-solntion. In blood to which a trace

of an acid has been added, these values are different. An addition

of 1 cc. of 2 X hypertonic Na^SO^-solution causes much more chlorine

to enter the blood-corpuscles than an addition of 1 cc. of isotonic

Na^SO^-solution..

This furnishes another proof of the changed permeability of the

blood-corpuscles.

EXAMPLE.
In normal blood no difference between the transfer of chlorine, caused

by an isotonic Na2S04-solution, and that, caused by a

2 X hypertonic Na2S04-solution.

In blood to which at the same time an acid has been added, a difference is found.

Of 15 cc. of blood 1 cc. of serum is replaced every time by

1 cc.of 2X hyper-
tonic Na2S04-
solution (7. 40/0)

1 cc. isotonic

Nac>S04-solution
"
(3.1%)

1 cc. of a 1
n . H^S04-solution
containing also

7.40/0 Na2S04

1 cc. of a
20

n . H2S04-solution
containing also

3.70/0 Na2S04

4.15 cc. of AgNOa 4.18 cc. of AgNOa 3.96 cc. of AgNOa 4.08 cc. of AgNOa

chlorine of 4 cc. serum.

This proved that it was possible to modify the permeability of the

blood-corpuscles by the addition of acids.
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II. Interchange of chlorine betioeen hlood-corpuscles ami

medium in human blood.

It had to be investigated now to what extent these facts could

contribute towards an explanation of the chlorine-retention in febrile

diseases.

For this purpose the permeability of blood-corpuscles, of persons

with a normal chlorine excretion was first examined. The results

were as follows :

1. If in 10 cc. of human blood 0.6 cc. of serum is replaced by

0.6 cc. of an isotonic NajSO< solution, the amount of chlorine in the

serum is greater than the dilution vvith the solution containing no

chlorine, would lead us to expect.

Under these circumstances, therefore, chlorine passes from the

blood-corpuscles into the serum. Evidently human blood-corpuscles

behave in a manner different from horse's, cow's, or dog's blood-

corpuscles if the medium in which they are suspended, is modified.

2. If to 10 cc of human blood 25 mgr. of crystallized Na^SO^

is added, chlorine passes from the blood-corpuscles into the serum.

EXAMPLE.
Transfer of chlorine in human blood if + 12 \ serum is replaced by isotonic

Na2S04 solution, or if crystallized Na2S04 is added to the blood.

Chlorine in4cc

of normal serum

corresponds

with

:

lOccof

blood

contain:

After 25 mgr. of

Na2S04 have been

added to 10 cc of

blood the chlorine

in 4 cc of serum

corresponds with

:

Of 10 cc of blood
0.6 cc of serum is

replaced by 0.6 of

isotonic Na2S04
solution.

The chorine in

4 cc of serum
corresponds with

:

If no transposition
of chlorine had
taken place, the
chlorine in 4 ccof
serum would in

the latter case have
corresponded with:

4.24ccofAgN03
6.8 cc of

serum
4.44 cc of AgNOa 4.05 cc of AgNOa

6.8-0.6
X4.24 =

6.8

3.85 cc of AgNOg.

In a series of cases, in which the blood was examined of people

in good health and of patients, of people whose food contained much

and of others whose food contained little chorine, of people with

and without fever, these two results were invariably arrived at. In

all these cases, however, the metabolism of chlorine was normal.

The same experiments were now carried out with the blood

of fever patients showing marked retention of chlorine. The results

were as follows

;



26

1. If of 10 cc of blood 0.6 cc of serum is replaced by 0.6 cc

of an isoloiiic Na^SO^ solution, the amount of chlorine in the serum

is exactly the same as that which can be calculated beforehand from

the serum being diluted with a solution without chlorine.

lite transfer of chlorine from the blood corjmscles to the serum,

found in people luith a normal chlorine-excretion, is, therefore not met

with in patients with cldorine-retention.

2. If to 10 cc of blood 25 mgr. of crystallized Na^SO^ are added,

the chlorine in the scrum decreases.

Hence the chlorine now moves in an opposite direction, if this

result is compared with the chlorine transfer, found in people with

a normal metabolism of chlorine.

EXAMPLE.
Chlorine-transfer in the blood of patients with chlorine-retention, if

of the serum is replaced by isotonic Na2S04-solution, or

if solid Na2S04 is added to the blood.

12"/,

Chlorine in 4cc

of normal serum

corresponds

with:

lOccof

blood

contain:

25 mgr. of Na2S04

having been ad-

ded to 10 cc of

blood the chlorine

of 4 cc of serum

corresponds with

:

Of 10 cc of blood
0.6 cc of serum is

replaced by 0.6 of

isotonic Na2S04
solution.

The chorine of

4 cc of serum
corresponds with

:

If no chlorine-

transfer took place,

the chlorine of 4 cc
of serum would
in the latter case

correspond
with:

4.87 cc ofAgNOa
5.5 cc of

serum
4.59 cc of AgNOa 4.34 cc of AgNOa

5.5-0.6
X4.87 =

5.5

4.33 cc of AgNOa

It seems that from the result of these experiments no other con-

clusion can be drawn, except that in patients with chlorine retention

a moditled permeability of the red blood-corpuscles is to be observed.

The question suggests itself if the permeability for the other body

cells has not also undergone a change.

For the permeability of the red blood-corpuscles is verj' constant

if the chlorine-metabolism is normal. However ill the patient may be,

the permeability of the red blood-corpuscles is normal if the chlorine-

metabolism is normal. Now the patients with chlorine-retention show

a different permeability. This points to the fact that in this diseased

organism, influences have been active which have had a powerful

effect upon the permeability of the red blood-corpuscles. Since these

noxious influences have been able to change the otherwise so constant

permeability of the red blood-corpuscles, perhaps the supposition that

the permeability of the other body-cells has also been affected, is
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not too hazardous. As we know the permeability of red blood-cor-

puscles agrees, in many respects, with that of the other body cells.

We also know that acids afTect the permeability of blood-co>'piiscles and

other body -cells. Then we are not so far removed from the conclusion

that, if in \'ivo this stable permeability of the red blood-corpuscles

has been atfected, the permeability of the otiier l)ody-cells might also

have been inoditied.

C n c I u s 1 n s.

On the (jvouml of thesefacts we mitfit form the followim/ conception.

As in vitro the pevmeabUity of cells can be changed by an addition

of acid, this can be done in vivo by other influences, in the case of
some febrile diseases. In the latter case chlorine enters the cells under

the same circumstances under which it leaves the cells in the normal

individual. The consequence of this may be that loith these patients

chlorine cannot pass from the tissues into the blood.

The fact that the cJdorine-transfer is constant in normal people

and in patients with a normal chlorine-excretion, that the chlorine-

transfer is constant in an opposite direction, in people loith chlorine-

retention, suggests the possibility that a modified permeability of the

cells will have to be reckoned among the causes of chlorine-retention

in febrile diseases.

Groningen, March 1913.

Chemistry. — ''The systems phosphorus and cyane.'' By Prof.

A. Smits. (Communicated by Prof. J. D. van der Waals).

Als was already stated before ^) it has been ascertained that tiie

vapour tension curve of liquid white phosphorus cannot be the

metastable prolongation of the vapour tension line of molten red

phosphorus. This fact is in perfect harmony with the circumstance

tiiat it can be calculated from the determinations of Aston and

Ramsay^) on the surface tension that the li(|uid white i)liosphorus

must become critical at ± 1:22^.

In consequence of the existence of this critical point the particu-

larly interesting case presents itself that the 7^, jf-figure for white

1) These Proc.

2) Journ. Ghem, Soc. 65, 173 (1894).
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phosphorus lacks any connection with that of tiie violet and the

red niodificalion. Precisely the same holds for cyane and paracyane,

and what is most remarkable about it, is that what follows only

indirectly from experiment for phosphorus, may be easily realised

for the system cyane and vice versa. The critical point of liquid

white phosphorus below the melting point of the red modification

is not to be realised, but follows from the vapour tension curve

and from the surface tension ; the critical point of cyane on the

other hand is easy to observe, and lies at 126. °5 and under a

pressure of 58.2 atmospheres.

On the other hand the melting-point under the vapour pressure

of the red phosphorus can be determined, though not easily, at

588.°5 and 42 atmospheres, whereas the melting-point of paracyane,

which represents the stable modification and is therefore comparable

to the red phosphorus above 460^, cannot be realised, because

paracyane is decomposed before this temperature is reached. It

follows from this that the systems phosphorus and cyane supplement

each other in the most convenient way. As I suspected this, I

charged Mr. Terwen with the examination of the system cyane hoping

to come to a decision in this way as to whether we have to do with

internal equilibria for the system cyane, just as for phosphorus.

The tirst thing required was to have cyane of great purity at our

disposal, and it was particularly this part of the investigation that

presented ditficulties which were diflicult to surmount. In the prepa-

ration of cyane a part is always decomposed, and in consequence

of this the product always contains nitrogen. The removal of this

nitrogen presented great difficulties, and only after a long laborious

process, in which the solid cyane was subjected to repeated fraction-

ated sublimation did we finally succeed in obtaining cyane of so

great purity that the investigation about the complexity of cyane

could be undertaken. The result rewarded the pains.

Just as for phosphorus the complexity was examined by the

determination of curves of solidification under perfectly the same

circumstances during the solidification. The difference in the successive

experiments consisted only in this that in one case the liquid had

been previously slowly cooled down, in the other case rapidly from

higher temperature.

As was expected the result was that in case of slow previous

cooling a line of solidification with perfectly horizontal intermediate

portion was found, and that this was wanting when the cooling

took place rapidly. The initial point of solidification could be raised

0°,5 in the latter case. So the result was qualitatively the same as
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for pliosplionis, and shows clearly that pure liquid cjane is built

up of difFereut kinds of molecules, which get into equilibrium when
the process goes slowly. Though in consequence of its small con-

ductivity of heat solid cyane did not furnish reliable results in the

determination of curves of heating, we may accept without any doubt

that what holds for the liquid phase, will also hold for the solid

phase, though it can only be shown in a less clear way.

It is for the rest clear that it is sufficient for our purpose to show
the complexity of one of the phases, so that it does not malter that

paracyane is altogether inaccessible to an investigation as to its

internal constitution.

We may therefore conclude in virtue of the obtained result that

phosphorus and cyane are really quite comparable systems.

Before we proceed to a discussion of Hie pseudo-systems among
which the unary systems phosphorus resp. cyane must be classed,

it is worth while mentioning what Bakhuis Roozeboom ') has stated

about the points of agreement between the two said systems.

"Das Cyan unterscheidet sich weiter vom Phosphor darin, dass

kein Schmelzpunkt der polymeren Form (Paracyan) bekannt ist.

Praktisch ist es unmöglich, einen solchen zu erreichen, well das

Paracyan sich oberhalb 600° stark zersetzt."

"Es erhebt sich gleichwohl die interessante Frage, ob — falls diese

Zersetzung ausgeblieben ware — ein Schmelzpunkt hiitte erreicht

werden können."

Eine Umwandlung des Paracyans in die gewöhnliche Flüssigkeit

ist natürlich unmöglich, well ilir kritischer Punkt bei 124° liegt.

Wohl aber ware eine Umwandlung oberhalb 640°, also unter gros-

seren! Druck als 1 Atm., in eine polymere Flüssigkeit denkbar."

"In solchen Fallen besteht also kein kontinuierlicher üebergang

zwischen den beiden Flüssigkeiten. Dadurch stehen die verschiedenen

festen Phasen eigentlich nicht mehr im Verhaltnis der Monotropie zu

einander, sondern die polymere Form verhalt sich als ein besonderer

Körper." And in a footnote on the same page he writes : "Es ist

sogar fraglich, ob nicht auch der Phosphor noch zu dieser Kategorie

gehort, denn ein kontinuierlicher üebergang zwischen dem gewöhn-
lichen fliissigen Phosphor, und der Schmelze des roten, ist noch nicht

konstatiert."

We see from this that Bakhuis Roozeboom took a lively interest

in the problem in question, and that he indicated already clearly

what is peculiar about it.

Bakhlis Roozeboom pointed out that there is no connection at all

I) Lehrbuch Heterog. Gleichgewiclite, 176.
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between the two modifications of' the substance cyane, and that

therefore strictly speaking it is not correct to speak of monotropy
here. Now, however, we come to another conclusion. It is true the

lines for the internal equilibrium in the different phases of cyane

and paracyane lack any connection, and yet we know that all

kinds of jjlienomena are known which very certainly do point to a

connection between cyane and paracyane ; thus e.g. the vapour of

paracyane yields cyane on cooling, and from the vapour of liquid

or solid cyane, paracyane may be obtained when it is heated to a

high temperature. So there is, indeed, a connection, but this connection

could not be demonstrated formerly, and this was also the case with

phosphorus. The theory of allotropy guides us here again. The

systems phosphorus and ci/ane are, as experiment has shown, pseudo-

systems, an J for the present it is sufficient to assume that each of

these systems is built up of two kinds of molec(des. Now it has

been pointed out before that the pseudo-system phosphorus may be

expected to belong to the type ether-anthraquinone, and the same

thing applies to the pseudo-system cyane.

If we first discnss the system j)liosphorus it is easy to show that

the existence of two critical endpoints in the pseudo-system ctP—/?P

enables us to explain the peculiar behaviour of phosphorus in an

exceedingly simple way. In Fig. 1 in the first place the P7 -projection

Fig. 1.

of the pseudo-binary system aP— i3P is indicated. The points p and

and q denote the critical endpoints and the only thing that makes

this 7^, Z'-figure somewhat less simple than that of ether-anthraquinone

is this that the three-phase line <]o, which refers to the equilibrium

between red mixed crystals, liquid, and vapour, at o passes into
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the three-phase line ob, which holds for the coexistence between

violet mixed crystals, liquid, and vapour.

If these latter three-phase lines are prolonged towards lower tem-

peratures, this line must terminate in a metastable critical endpoint

5'. From the triple point two more three-phase lines start, of

which OU relates to the equilibrium between violet mixed crystals,

red mixed crystals, and \apour. We have now discussed wiiat is

peculiar in the P, 7^-figure of the pseudo-system. If in this tigure we
now draw the P, 7^-lines of the unary system, we get what follows.

The vapour-tension line of the liquid white phospliorus, which must

be considered as a supersaturate solution, lies under the three-phase

line fp, and meets the metastable part of the plaitpoint curve at

/Vj. If the critical temperature calculated from the surface tension

is accepted as correct, this point lies at 422° and 18 atmospheres.

At the triple point of the red phosphorus, which was found at 588°,

5

and 42 atmospheres by Mr. Bokhokst ^), liquid is formed again, and

it is now clear that the vapour tension line for liquid i)hosphorus

starting from this point, has nothing to do with the vapour tension

line of molten white phosphorus.

Now it is interesting to question how the metastable part of the

vapour tension line of liquid red phos|)horus prolonged towards

lower temperatures will run. In fig. 1 one of the possibilities

is drawn. In this it is assumed that the said vapour tension

line meets the metastable intermediate part of tiie plaitpoint cui've

in /v,, and will therefore end in a /ö^cer-critical endpoint. As

was stated before unmixing can also occur in the metastable

region, and in this case when the plait is closed the point A', can

occur at much lower temperature and pressure than A^j, and then

the line liK^ will lie under gK-^- This line cannot extend far towards

low temperature, however, for then there would ha\'e to exist two

different kinds of liquid white phosphorus, of which nothing has

appeared. If the plait was open, the metastable part of the vapour

tension line of the liquid red phosphorus would also proceed to

lower temperatures under gK^, but the objection advanced just now,

is then of force, so that the most probable assumption by far is that

the said vapour tension Hue terminates in a metastable lower-critical

endpoint K.^. We shall get perfect certainty when the [)rolongations

of the two vapour tension lines gK^ and liK^ intersect. Investigations

specially undertaken for this purpose may soon decide this. It must

further be noted that the vapour tension line of red phosphorus,

1) The former delerminations were mado with an apparatus which appeared to

yield inaccurate results at liigh temperatures.
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which starts from h at about 4G0° must meet tlie line OV, as the

transition point between red and violet phosphorus lies at this tem-

perature. So a triple point occurs again in U, and tlie only stable

unary equilibrium below this point is that betvyeen violet phosphorus

and vapour.

A similar PJ'-figure holds for cyane, as Fig. 2 shows. Here it

is remarkable that it was not necessary to iind the critical point

7^1 by calculation as for white phosphorus, but that it could be

easily observed. On the other hand, the triple point of the red modi-

fication of phosphorus could be determined by experiment ; the

triple point of paracyanc, on the contrary, is not to be realised

because the substance decomposes before that time. As we know

only one kind of liquid cyane below the temperature of the ci'itical

Fig. 2.

point A^i, it is assumed here too that the metastable prolongation

of the vapour tension line of molten paracyane must end in a lower

critical end point A^
We see therefore that according to the earlier view not a single

connection could be indicated between the different phases of the

white phosphorus on one side and the violet and the red phosphorus

on the other side; nor could any be given between cyane and para-

cyane, though some connection must exist, because the different

forms of the phosphorus resp. cyane can be converted into each

Other by some means or other.

The theory of allotropy demonstrates this connection in a very

simple way, as Figs. 1 and 2 show.

A deeper insight is obtained when the projection of the three-

phase regions of the pseudo-binary and that of the two-phase regions

of the unary system on the r-Xsurface are drawn. These projec-
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'Z7.<)i

Fig. 3.

tions are given in the figures 3 and 4, and they are easy to under-

stand if we compare what was published before about the system

ether-anthraquinone and -the system phosphorus.

Anorg. Chem. Laboratory of the University.

Amsterdam, May 30, 1913.

Chemistry. — ''On the pseudo system MethyMiodanide — Methyl-

mustard oil." Bj^ Prof. A. Smits and H. Vixseboxse. (Com-

municated by Prof. A. F. Holleman).

In 1906 ^) Walden stated the fact that different salts dissolved in

metliylrhodanide CHjSCN do not bring about a rise of the boiling

point, but a lowering of the boiling point.

It appears from the following table that this phenomenon is brought

about by the salts N(C3H-)J, NCC.HJJ, Cdl„ and NH.CNS.

') Zeitschr. f. phys. Chem. 55, 297 (190G).

Proceedings Royal Acad. Amsterdam. Vol. XVI.

3
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naturally led to expect the same for methjh'lioclaiiide, and it was
now naturally supposed tliot the methylrhodanide, as it is obtained

in the preparation, is not yet in internal equilibrium, and that the

lowering of the boiling point or the increase of the vapour tension

which occur, are a consequence of the setting in of the internal

equilibrium which is possibly reached with appreciable velocity under

the influence of the said salts. These salts would therefore be catalysts.

Now it is known that in sealed tubes heated to 180° methyl-

rhodanide is partly converted to the isomer methyl mustard oil ^).

We have here an intramolecular atomic shifting

S— CeeeN N = C = S

As methylrhodanide boils at 130,5° and the isomer, the mustard oil

at 119°, this con\'ersion when accelerated by the said salts, might give

rise to a lowering of the boiling point resp. increase of vapour tension.

This consideration led us to the supposition that the internal equi-

librium which was mentioned just now, might be an equilibrium

between the isomer molecules CH3SON and CHgNCS

CH,SCN :^ CH3NCS.

Before we now proceeded to test this supposition, the difference

of vajiour tension between pure methylrhodanide and a saturate

solution of Cdlj in methylrhodanide was examined at different tem-

peratures in a small tensimeter, in which mercury was used as the

liquid measuring the tensions.

It was remarkable to see that in the first moments the saturate

Cdl^-solution possessed a smaller vapour-tension, but soon the diffe-

rence of vapour tension passed through zero, and then obtained the

opposite sign. At 25° the position of the mercury manometer appeared

not to change any more after a fortnight, and the increase of vapour

tension amounted to 11,2 mm. Hg. The same experiments were also

made at higher temperatures, ' and, as was expected, they gave a

greater difference of vapour tension as result. These were, however,

less reliable quantiratixely, because mercury seems to have analysing

power at higher temperatures. Accordingly glass-spring manometers

will be used to obtain more accurate results when the investigation

is continued.

After it had thus appeared that by the addition of Cdl^ after a

transient decrease of vapour tension actually an increase of vapour

1) For allylrhodanide conversion lo nnislard oil alicady takes place after distil-

lalion under atmosphei'ic pressure.

. 3*
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tension takes place, the tbllowing experiment was undertaken. A glass

vessel filled with methjlrhodanide and an excess of Cdl^ was exhausted,

and then kept for 6 weeks in a thermostat of 20°. 'fhen the vessel

was opened and the liquid investigated, in the first place as to its

boiling [)oint, and in the second place as to the formation of mustard oil.

Before we proceeded to the determination of the boiling point of

this liquid the boiling-point of the pure methylrhodanide used by

us, was examined, by the exceedingly

convenient method of Smith ^), which

enables us to investigate extremely

smajl quantities of substance. A tube

of the shape indicated in fig, 1, is

filled with the liquid which is to be

rp^ I

I
I examined, then fastened to a thermo-

/^\
f meter (fig. 2), and placed in a suitable

v«X ^^m ^ V///j^ liquid bath, which is slowly heated,

and vigorously stirred. At the boiling-

point a continuous stream of vapour

^ 40 ^ ^^ bubbles escapes from the open end.

If then the temperature is again

V\%. 1. Fig. 2. slowly lowered, the escaping of the

vapour bubbles will suddenly cease as soon as the temperature has

fallen somewhat below the boiling-point. This point can be sharply

observed, and the experiment may be so often repeated till all the

substance has evaporated.

As we used an oil-balh, and CHjSON easily dissolves in oil at

130°, we made the narrow tube a of the boiling bulb open into a

tube h which was ± 2 mm. wider. In this way we succeeded in

making the escaping vapour bubbles very clearly visible and prevented

that they immediately dissolved in the rapidly moving oil.

When the experiment was repeated till almost all the liquid was

evaporated, the pure methylrhodanide gave the following result:

1st bulb
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from which appears that it was not perfectly pure, but that it con-

tained a trace of a more volatile component vvhich pretty quickly

disappears when the liquid is boiled, so that after ^ 74 l^^s eva-

porated a boiling-point is found which is constant within the errors

of observation, viz. ± 131.3°.

After these determinations the liquid was examined which at

20° had been in contact with Cdlj for six weeks. In the determi-

nation of the boiling-point in the way described just now the fol-

lowing result was obtained, the experiment being repeated 18,

resp. 19 times with the same filling.

Iste bulb
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nued evaporation the lowering of the boiling-point becomes snuiller

and smaller, soon passes tlirongh zero, and then becomes a rise of

the boiling-point. This phenomenon shows that a more volatile

component with lower boiling-point is formed in the methylrhoda-

nide, and that the vaponr is mnch richer in this component than

the coexisting liqnid, so that tliis new component can easily be

expelled on prolonged evaporation.

That nnder these circumstances the lowering of the boiling-point

of the substance under in\'estigation is tinally replaced by a rise of

the boiling-point is easy to understand, as the licpdd contained dis-

solved Cdl2.

That tlie /irst experiment with the first bnlb yielded 123°6, and

that with the second bnlb 124°.8 is owing to this that more vaponr

escaped from the second bnlb than from the tirst bnlb before the

first determination was made.

Finally we undertook the chemical investigation of another part

of the same liqnid. This chemical investigation consisted in this that

we examined whether mustard oil had formed in this liquid. In

order to do this we boiled the liquid with dilute sulphuric acid in

a flask which was closed by means of a pierced cork with a long

glass tube. It is known that in the presence of mustard oil H^S is

formed nnder these circumstances, which can be immediately demon-

strated by means of a lead-acetate paper laid on the month of the

long glass tube. The result was a very clear hydrogen sulphide reac-

tion, which quite failed to appear in the investigation of the "pure"

methylrhodanide M, which was a conclusive proof that the lowering

of the boiling point is accompanied with the formation of mustard

oil, so that it is all but certain that the peculiar phenomenon which

was observed for the tirst time by Walden must be ascribed to the

formation of this substance, and that when the substance behaves

as a unary one we shall have to do with the following internal

equilibrium.

CH^SCN ^ CH3NCS.

It is clear that if on continued investigation the above equilibrium

really appears to exist, we have again a very interesting system

here, wliich urgently calls for further investigation. This will cer-

tainly be taken in h.and ; tirst of all the pseudo-system methylrhoda-

nide-methyl mustard oil will be examined, and then by means of

catalysers the situation of the unary system \vill be determined in

^) Probably this contains also a trace of mustard oil, which in the experiment

escapes the action of the H3SO4.
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this pseudo-system, a,s well with regard lo Ihe gaseous as to the

liquid and the solid phase.

Tlie phenoineuou, observed here with great probabilily, of iiiter-

luil equilibriuui between sirticture isomers will be of j)i-etty general

occurrence without any doubt, so that it will not be difficnlt to

discover many more interesting examples, which are accessible to

experiment.

Anorg. Chem. hab. of the University

.

Amsterdam, May 27, 1913.

Physics. — "Oil tlw point in inhidi. the solid date disuppears as

an answer to the (fiiestion in hoin far this point can be compared

to the critical point of a liquid. The easiest way to do this

is by means of the yip-curve" . By Prof. J. D. van der Waaj.s.

(Communicated in the meeting of Febt'uai'y 22, 1913).

If the ifj-curve is drawn at the triple point, the same straight line

is touched by : 1. the ipcurve li(|uid-vapour, 2. the if>curve for the

solid substance. Let us put the case that occurs most frequently, in

which Vs <^ vi <[ V(j. On rise of the temperature the if>curves descend,

but not in an equal degree. The liquid-vapour curve descends more

than the curve for the solid substance. Relatively ip., ascends there-

fore. And accordingly the tangent for the coexisting states liquid-

vapour, and that for the coexisting states lic|uid-solid are separated.

The pressure has increased, but that foi" the coexistence solid-liquid

far more than for the coexistence liquid-vapour. When the tenq:)e-

rature continues to rise the ip-curve for the liquid will more and more

approach the i^-curve for the solid substance, and it will reach it

at the temperature at which the solid state disappears at infinite

pressure. At the critical point liquid-vapour these two states are

identical; the solid state on the other hand has been expelled by

the liquid state. This, however, takes place at a pressure equal to

intinity and so a volume equal to v^. Above this temperature the

solid state no longer exists, but the liquid state does. I have shown

elsewhere, however, that then, when the pressure again aj^proaches

infinity, and hence the volume to Vo, the viscous-solid state will

probably appear.

If we now consider the case, in which, as for water and ice

Vs'^vi, the 29,7'-line for the coexisting phases runs from the triple

point to lower temperatures. Now two cases are possible, viz. that
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this line continues to proceed to lower temperatures, and p continues

to rise to intinitelj great ; or tliat after liaving reached certain

minimum of temperature, it proceeds to higher temperatures, again

before p has become infinitely great. If tlie latter should be the

case there is in the p,T-\mQ of the coexistence a point in which

(i Ï} 'ill 17

-—= =00, or vi=:Vs. And for the points of the line of
dT VI — Vg

coexistence which lie higher, vi has then become ^ Vs, and the above

described case occurs again. Nor is there a difference of significance

when V always remains greater than vi. At the temperature of the

disappearance of the solid state, which is then lower than the

temperature of the triple point, this disappearance takes place at a

pressure equal to infinity. Since, however, Va is always greater than

vi, we can hardly continue to speak of "expelled". The volumes

Vs and vi have now however both become ecpial to Vq, and on rise

of the temperature it is again only the liquid which can exist.

Assuming here again that liquids under a very high pressure,

and so in a very small volume, almost equal to Vo, assume the

viscous state, we might point out the following difference. If

i's<C^/ these substances have the solid state in volumes which are

little greater than r^ at temperatures somewhat below that of the

disappearance of the solid state ; they have the viscous state on

increase of volume, and on further increase of the volume they

have the liquid state. If on the other hand Vg'^vi, the succession

of the 2 solid states is reversed.

At the highest temperature for the existence of the solid state

the difference between solid and viscous has probably disappeared

under infinite pressure.

Physics. — "On a system of curves occurring in Einstein's theory

of gravitation". By Ch. H. van Os. (Communicated by Prof.

H. A. LOKENTZ).

In Prof. P. Ehkenfest's communication on Einstein's gravitation

theory (Vol. XV, p. 1187) a system of oc^ curves occurs which is

determined by the condition that a hyperboloid :

H= A{x"- + y' - z') -t- Bx + Cy ^- Dz + E = 0, . . (1)

a so-called "light hyperboloid" can always be brought through two

of these curves. This system will be examined more closely here.

The curves are intersections of the hyperboloids H. As they must

also have a conic /^oo
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X-' 4- y- — c- =: O, (/' =z O (2)

at infinity in common, ao that their intersections mnst degenerate,

the considered curves are either straight lines or conies.

A. All the curves are straight lines. Then they must either all

pass through one point, so that the H's degenerate into planes, or

(at most with the exception of one) as generatrices of the ^'s, form

angles of 45° with the ^-axis, hence be so-called "light lines".

B. Not all the curves are straight lines. Through one conic pass

00^ H's, because these H's have also K:o , so a biquadratic spacial

curve in common. Hence they form a sheaf:

H, + XH.^ = (3)

B C D ^ E
Let us take —=:§, — :='>;, — =?, — =:t as coord, of a point in an

Ji. A xi Jl

R^, the image point of the corresponding H. The image point of an

H of the sheaf (3) then becomes -.

1 4_A ' 1 + A '
1 + A '

1 + A
'

The image points of the H's of this sheaf therefore form a sti-aight

line, the image line of this sheaf.

Two arbitrary sheaves of the system have always an i/ in common,
viz, that passing through the base curves of these sheaves. Hence the

homologous straight lines intersect each other in the image point of

this H. The image lines of the considered sheaves form a system of

Qc* straight lines in R, such that tw^o of these straight lines ahvays

intersect. Now two cases may be distinguished :

a. All the straight lines pass through one point. Then all the

sheaves have the H whose image point this is, in common, and
accordingly their base curves all lie on one hyperboloid. This case

is trivial.

b. Not all the straight lines pass through one point. If a plane is

brought through two of them, every other will have the points in

which it intersects the two first, in common with this plane, and
therefore lie entirely in this plane. Then all the image lines and
image points lie in one plane. lf{^„ii^,;„T^), (§„ 7;,, g„ tJ, {^„^„^„r,)
are three of these image points, the coordinates of the others are :

c. ^ V ziz — etc •

if this is substituted in (1), we find for the general equation of the

^'s of the system :
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So these form a net. If we put z = it, this is changed into a net

of spheres. So all the H's, just as all the spheres of a net, pass

through two points i2, and £i^. Hence the curves which are their

intersections also pass all through these points.

Through the joining line F of Si^ and Si^ pass oc^ planes. As

there are a^ curves, oc^ curves lie in each of them.

All of these pass through £2^ and S2^, and through the points of

intersection of their plane with A'ao , and so they form a sheaf.

Now the general shape of the sj^stem is determined.

Tlie following cases may now be distinguished.

I. r lies at infinity.

a. i2j and i2.^ do not lie both on /vx . Then the plane at

intinity has a conic and another point in common with each of the

H's, and so it constitutes part of it. So the H's degenerate into

planes, the curves into straight lines.

h. i2j and 12^ both lie on Ky: . The cyrves in each plane have

two pairs of coinciding points at intinity in common, and so tliey

are concentric, similar, and similarly placed. The centres in tiie

successixe planes are the centi-es of parallel sections of oue of the

H's and lie therefore on one straight line.

II. r does not lie at infinity. Now the following cases are

possible :

1. The angle of F w^ith the z-axis is ^ 45°

2. ,, ,, ,, F ,, ,, j-axis ,, = 45

o. ,, ,, ,, F
,, ,, j-axis ,, <^ 45

a. iij and i^^ are real. b. They coincide.

c. They are conjugate imaginary. a. One of them lies at intinity.

e. Both lie at intinity.

In the cases J (7, le, 3(/, and 3e the plane at intiuity has besides

Kao another point in common \vith each of the H's, so that the H's

degenerate into planes.

In the cases 2a, 2h, and 2c F intersects /v x, and has therefore

3 points, viz. this point of intersection, ii^ and i^.^ i" common with

each of the H's; so F is a common generatrix of it. As the H's

have moreover K go in common, their further sections, i.e. the con-

sidered curves, are straight lines.

At Id the curves in every plane have a twopoint contact, at 2c

a three-point contact at infinity.

In the cases J b and J c the tangents of all the curves form angles

^ 45° with the 2:-axis. If they are considered as world lines, the
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corresponding velocities are > (lie light-velocity, which is pii\\sically

excluded.

R E M A R K.

It is easy to extend ilic [)roblcni i-aised by Prof. Ehrenfest to an

?i-diinensional laboratory, or to an {ii -f- l)-diinensional "world".

It must again be possible to bring throngli two of the world-lines

a ruled surface, on which two systems of light-lines lie in such a

way that every straight line of the 1st system intersects every line

of the 2ncl system. If through two straight lines of the first system

an /13 is brought, every straight line of the 2nd system has 2 points

in common with this R^, and is therefore entirely contained in it

;

the whole surface lies then in an R^, and is a hyperboloid H.

The curves do not all lie in the same R,,, therefore the hyper-

boloids do not do so either. Now two B's lying in different R^'s

have at most a conic in common in the plane of intersection of

these RJs; so the curves are straight lines or conies.

A. The curves are in general straight lines.

B. " " " " " conies. We will oidy consider this

case.

An H can always be brought through two curves, hence an R^

can be brought through their planes ; these planes therefore always

intersect each other along a straight line.

a. All the planes do not pass through one straight line. If an R^

is brought throngh two of them, every other plane has two straight

lines in common with this R^, and so it lies entirely in it. Then all

the curves would lie in one and the same R^, which is contradic-

tor}^ to what was put.

b. So all the planes pass through one straight line r. Now the

curves will all cut 7^ in the same two points.

For, if an H is brought through 2 of the curves, their points of

intersection with F are also the points of intersection of this H
with r. If there were more than two, F would be a generatrix of

ƒ/, but then a plane through V could further only have a straight

line in common with R, and so the two curves wonld be straight lines.

In this way it is proved that the world lines are either straight

lines or hyperbolae, which all pass through 2 same points of a

straight line F. In each of the od"-^ planes through F lie again

00^ curves, forming a sheaf. The number of fields of gravitation

arising in this way in an ^^-dimensional laboratory therefore amounts

to Q02«+2.
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Physics. — ''Some difficulties and contradictions met with in the

draioing up of the equation of state." By J. J. van Laar.

(Communicated b}^ Prof. H. A. Lorentz).

(Communicated in the meeting of April 25, 1913).

1. The latest papers by van der Waals on the equation of state ^)

- also ill connection with my own recent investigations ^) — induce

me to publish the following remarks, vvhicli may not be entirely

devoid of interest at the present stage of the question.

When we start from van der Waals's fundamental equation, viz.

i22' a

P = T--^' 0)

and for the present disregard association or quasi-association, there

^Ye — the chosen form of the equation of state being retained —
only two possibilities for the explanation of the found deviations

from the. above equation

:

The quantity h is still a function of v (and possibly of T).

a „ „ „ „ „ V, or of T.

If at lirst we still disregard the variability with the temperature,

we shall in the first place ascertain the consequences of the varia-

bility of b with V.

If h=^f{v), the above equation of state gives at the critical point:

\dv)t

RT
,

2a ^

{v-by v^

^>\ 2i^T(l_,-). + ^_,"_^
dv'Jt {v-by' ' {v—bY

db d'b

where b' is written for — , and b" for —-.

dv «y

Hence it follows from this that

2a{vk—bicY
Rl\ (1 - b'k) rz:

RTjc
]6a {vk— bkY

"k

1) These Proc. Vol. XV, 903-910; XV, p. 971—981; XV, p. 1131—1145.

(To be cited as v. d. W. I, II, and III).

2) These Proc. Vol. XIV, p. 278-298; XIV, p. 428-442; XIV, p. 563-579 ;

XIV, p. 711—724. (To be cited as v. L. 1, II, III and IV). Further XIV, p. 771-781;

XIV, p. 1091—1107. (To be cited as v. L. A and B.)
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Division gives:

7 7

"

g^^^ZÜ: :^ 2 (1 - 6',) + (v/c - hl) -—^ ,

hence, putting vih'^k • (1 — b'i) = ^'k

vk-b,, 2(1—6Ï)

Vk 3-

A

Vk
With — = ?', we get finally :

bk

r—l 2 1-b'k

3 1-V,A-

Further follows from the first of the above equations for RTk

a 2bk{vk—bky

(2)

hence

RTk

RTk =

hk

bk ' vk'{l-b'k)

2 8 a

l-b'k 27 ' bk
(S)

We find finally for j^k fi'oni the equation of state by substitution

of the value of RTk:

Pk
a 2{vk—bk) a a 'vk—bk 2

Vk 1-6'
— 1

I.e.

Pk =

Then {vk =^ rbk)

bk r l-b't

1 a

Ok
(4)

r— ly 2.

— 1

is found for the quantity s =

r— 1 2

~Vu^b'k

RTk

r }.
(5)

pkVk

If therefore /;V- and b"k are known, ?• is given by (2), and further

RTk, Pk, and s by (3), (4), and (5). Reversely b'k and b"k can be

calculated when r and 5 are known.

Thus e.g. with .? = 3,774 (1 : .9 = 0,265) and r = 2,11 from (5)

—

as then {r — 1) : r = 0,526 and (r — 1)^ : r' = 0,277 — for 2 : (1 — b'l)

we find the value 2,21, hence />'/, = 0,094. P'roui (2) we (hen calculate

further i^'k = — 0,44, i.e. Vkb% = — 0,40.
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For A^ and /^ we then liiul fi-oiii (3) and (4) l^

also I, = 0,98.

Remark. The values of ).^ and A^ found, change only very little

when association or quasi association is assumed. Then the expres-

sions for 7' = Vf, : /)!,; RTi, pk tind s, indeed, become more intricate

(cf. Van L. I and II), and we shall among others find — according

as partial (very slight) association to double molecules is assumed,

or association to triple ones — in which the Cjuantity h changes in

consequence of this association (loc. cit. I, p. 295—297 ; II, p. 428—431):

r
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Also the value of r, viz. 2,11 on an average, remains in the

neighbourhood of 2,1, the value found foi' it experimentall}'.

I calculated all these vahies then not from those of s and r, but

from those of s and ƒ, viz. s :^ 3,774, ƒ =: 7.

It is seen that th? assumption of possible association docs not

bring a real change in the values of the critical quantities (deter-

mined by r, Aj, and AJ ~ and may therefore be left out of account

in their determination.

Another Remark. We put vi-:l)/c = r in the above, and notvk-.b,,

(v. D. W. 1. c). In the expressions for the critical quantities namely

bk occurs, and 7iot brj — and tlierefore to get more certainty in the

formuhie, and to remain independent of the tlieoretically and expe-

rimentally somewhat nnwieldy relation b^, : bk, I have thought I ought

to introduce bt and not /;,, into the formulae (cf. v. L. A., p. 772).

[According to the association theory, see v. L. II, p. 422 and 431,

bg'.bk is resp. =1,03 or =1,015 according as partial association

(to an amount of on an average only about l^j^ 7o> see above) to

double or to triple molecules is assumed].

There is another advantage in putting Vk : bt = r, namely this that

now the factors X^ and X^ in the formulae (3) and (4) for RTk and

2)k are much nearer unit}" than when /),/ is introduced. For both

for RT/c and for pi; (leaving the faclor r— 1 out of account)

r = Vk : bk occurs to the third power, so that the deviation of the

ratio b(j : bk from unity will be found in Aj and )..^ at least tliree

times enlarged. If therefore according to van der Waals b,, : bk = 1,04

a 1,05, or according to the above 1,015 a 1,03 '), hence on an

average about 1,03, A. and /^ can differ about 10 7o from unity

when 1"' = Vk : bfi is assumed instead of r = Vk bk, and the relations

drawn up by van dkr Waals between r, s, and f will be valid

onlg by appro.rimafion, whereas they may be considered as almost

entirehj accurate when r = vk • bk is introduced.

1) As rs = 8 yi
, bg : bi, may be determined from :

bk r' r's A
J

when r' = vt : b,j is known from experiment.

r—1 s f 8\
As = —7 or r 1 -— — = 1 follows from (G) — see § 2 — also

r'\ 1 T |=— = r~, from which tlie relation b,, : bk may also be determined.

\ } ) '^ ^'J

[When association is taken into account, the factor -j.k is added to s].



48

2. The quantity f. Relations hetioeen f, r, and s.

When neither a nor h is a function of T, it follows from (1) that

and so also

fdp\ R 1 / a\

T (dp\_ RT _ a

p \dTJy p (v—b) '
• pv''

At the e.-i.ieal point (Q= (!;)
= dp=— , so that there

Tu fdp \ RTjc vie

Pk \.dTjk Pl{vIc
—hk) v]c—hk' pkv\-

After substitution of the value s from (5), j)/,. from (4), and vic= rbk,

we get

:

r 8 ;^ 27 1

f=s- = *, or /-! = —- .... (6)

.
«' fK

If in the second relation according to (5) we substitute rrl ^

for — , then

*^=--^ (7)
s^ 64 A,^'

As r no longer occurs in this, Van ukr Waat.s was justified in

ƒ— 1 27
saying that this equation derived by him, viz. ——=i~, would be

almost entirely exact, whereas the two others, viz, (5) and (6) with

r':=Vk-bg, would only be true by approximation. But as we already

observed above, when not r' but r = vk : l^k is taken, these latter

equations too will hold with the same degree of accuracy as (7).

As, when association is disregarded, >j = 0,977 and P.^ = 0,980;

whereas, when it is taken into account, on an average )-^ = 1,007,

;., = 1,0J3, the ratio X, -. X, will be =: 1 — 0,003 or =1 — 0,006

in (5) and (6), i.e. it may be put equal to unity. For X, -. X^"^ we

find 1,026 or 1,001, so that this ratio approaches unity still more

closely than P.j : \ on assumption of association, but with disregard

of it will not differ more from unity than 2 or 3 7o- Finally 1 : X^

in the second equation (6) will remain either 2°/^ above, or about

17o below unity.

The value 2,11 is found for r from (5) with .s- = 3,774, while

the second equation (6) with ƒ^ 7 also yields the value 2,11.

Further 6- : (/—I) = 14,24 : 6 = 2,37, and also 64 : 27 = 2,37; so
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that equation (7) is accurately satisfied witli these values of .s^and/.

With regard to the first equation (6) it should be borne in mind

that when association is taken into account, a factor a/^ appears in

the second member, (because then ƒ becomes = «/,• /?21- : jyjc {vt—bk).

Thus :

r 8 A^

/= «k s = ak — ,

r — 1 ?— 1 /,

in which according to the table in § 1 ak has the mean value of

0,975. (cf also v. L. A., p. 772). From

;• and .v may be expressed in /*—1, and we find then :

• ' = y|X — ^' • • («)

two relations also deri\'ed by Van dkr Waals, — but now, the

factors Aj and ?.^ having been taken into account, quite accurate.

Putting P-i and A, = 1, we find from this approximately, when ƒ =: 7:

'6 8
r = -— = 2,12 ; s = — l/2 = 3,77.

|/2 3
"^

That the factor \/2 pla^s a part, I had already surmised before,

without knowing the cause. See inter alia the Yorlesungen fiber

theoretische und physik Chemie by Van 't Hoff, 3^^ Heft, p. 14,

and the Vorwort p. VI (1900). Besides already in 1905 (Arch.

Teyi.er) I expressed some critical quantities in experimentally deter-

minable quantities in a perfectly analogous way as later Van der Waals
— however with the exclusion of the quantity /, as the possibility that

b and particularly a could be functions of the temperature, was not

excluded by me. (Cf also v. L. A., p. 773).

3. Difficulties and objections.

So far there is not a single objection, and if there were no

other characteristic critical quantities than r, s, and ƒ, it would

suffice to consider b as function of v, and to seek the cause of this

variability. The association (or quasi-association) might then be

accepted or left as a gratuitous addition. It would not be necessary.

But unfortunately, matters are different. There is namely one more

characteristic quantity, i.e. the quantity (f, given by

_ F—l 6
'^~

Fk—l dj,'

4

Proceedines Royal Acad. Amsterdam. Vol. XVI.
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in which i'"^:--^, Fk=[~^-z~), f = -, (1,= ^, d^z^~. Here jj

p dT \p dijk Pk ^1 i\

denotes the pressure of coexistence, v^ and v^ the specific vohiines

of the coexisting Hquid and vapour phases.

If onlj b=f{v), (f>
would be =i 1 at all temperatures, and not

only at the critical temperature. But as it has been found that (p

increases from 1 to about 1.4, when the temperature falls from Tk

to about V, Tk (cf. also v. d. W. loc. cit., and v. L. B., p. 1100—1101)
— it follows that necessarily either a must contain a function

of V, besides l-.v^, or a (or also b) must still be a (non-linear) func-

tion of 7\

Van der Waals thought he could allow for this by putting

in which x represents the relative number of quasi-associated mole-

cules. Since besides on 7', ,x will depend on v in a high degree,

a function of v has been applied here to a. The dependence of the

tem])erature may be neglected, as in case of (quasi) association under

the influence of the molecular forces the generation of heat may be

put =0 (cf. also V. D. W. loc. cit., and v. L. I, p. 291 ; A, p. 771)

But apart from the insufficient justification of the above relation in

my opinion, especially as far as the coefficient 7» (hi general =1—k)

is concerned — it will be shown in what follows that every function

0=r.f{v) for «/t,2 will lead to contradictions, when it would have to

account for the great decrease of the quantity (p in the immediate

neighbourhood of the critical temperature, while at the same time

ƒ =7, r = 2,l and 5 = 3,8 remain. The said decrease is so con-

siderable at Tk, that ( -— )
may be put = — 7 (?« = T : Tf, cf.

ydmjk

V. L. B, p. 1101 et seq.)

We therefore put e.g. a=:akO, in which 6= f{v Wk). The quan-

tity a may therefore be for some reason or other (e.g. quasi association,

see above) a function of v — and hence in case of coexistence of

two phases also indirectly of 2\

The direct dependence on T, which we shall discuss later, is left

entirely out of account for the present.

From

RT akd
^ = 7 r (l«)

V—b V

follows in a quite analogous way as was derived above in § 1

:
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dTJv {v— by \ 1'=» v/,vy

d"-p\ 2RT
,

RT /GO W 6"

dT'J, {v-by^ ^ ^ {v -by ^
V ''" vi,v'

^ vkW

dd
,

d-'d
when ^'= — and 6" = — . (/z = v : vk)-

dn dn'

Hence

:

2ak(v/c—bicy

Vk

RTk 2{\-b'kY ^{v^,-bk)V'k
Qak{vk—bky

yielding by division :

2{\-b'i)+ {vk-bk)^
^,

Ok-'UO'k+'Ue"k

b"k

Vk (i-V3^';t+V,^'ï):(i-V.<9'A)'

as ^k apparently = 1.

With Vk : bk^r, Vkb"k : {l—b'k=^"k, {l~-l^6'k-^'Ue"k) : {l—'i,6'k)z=oi

we get

:

or

•-1
(3to—A) = 2(l- i'A-),

r—\ 2 l—b'i

r
-

3 CO-VJ3",
' ^^"^

SO that (2a) differs from (2) only in this, that now to — '/, /i"yt occurs

in the denominator instead of 1 — Vs ^"^ •

We now find for RTk and pk:

ak 1 /'r-n*2(l-V,6''^)
i?n.=

pic

bk »* 1— 6'ii

r-1 2(l-V/A.)
r 1 — 6'jfc

— 1

(3a)

(4a)

s becoming

/^_1Y
2(1-7,

V ^' ; 1-6'
,_1 2(1-V,<9',)

-v.^
i

(5a)

1—6';

In this the factor 1 — 7/^ï- always occurs as a multiplicator

of 2 : [l—b'ic).

4*
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So with 5= 3,774 and r= 2,ll we now find (be value 2,21 for

2 (1— V.é'V) : i-l—h'i;), i. e. (1— V.^'a:) : (1— /A) = 'i,105. And as

b'k has a very small positive value, ^'k will necessarily have a very

small (probably negative) value. But then 0"k must possess a very

great positive value, viz. about 2,7, if — is to become = — 7
\dmjic

(see above), as we shall show now.

We namely derived before (v. L. B, p. 1098, formulae (4) and (5)) :

^^ 1 ^cocx.

Fic—1 d^d^

in which

= 1 +A(l-m) +

F'k
K = {ie-2,i)-^- (9)

In this F' k represents '-—
, while a and /:? are the first coef-

V '^'^' Jk

ficients of the expansion into series

:

d^ =z 1 4- « VY^^i + /? (1 — m) 4- . . . )

(^3 = 1 - «|/r^4- /3(l-m)— ... i'

given by (see p. J094 and 1096 loc. cit.)

6".3

In this 8"„i stands for , b"\^j tor , f "^.3 for
\dn . dm) ic

'

\d7i^ . drnj^

d'e\ „,
/'d'8\—

, andg „4 for I — . The quantities e, m, and n are resp. the
dnyjc \dnyk

reduced pressure, temperature, and volume.

Now taking the value of F'k, viz. (see p. 1098 and 1104 loc. cit.)

F'ic=8"t^ — (fi^—^) £"v,i—^/c.f^^e"'r"^^t into account, we may also write

for :

- e'\. + «^[(/ - 1) + e'V, + 7e^"W ]- ^2 (/-1)+ .V]
I = —

—

, . (9a)

in which e'r. = i ) , i. e. for n (?;) constant, (so s not the reduced
\d7n^Jk

pressure of coe-vistence). For Fic we haven written ƒ (see ^ 2).

We now find — as A = ^— —
)
— the value 7 (at the least

\drtijk

6,8 loc. cit. p. 1101) for this quantity X.
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Let us now calculate I he dilfercnt dilfereiiiial quotients of f with

respect to in and n with the aid of {\a). We find :

dT),r
1 / aud

r6 = YU^ + -^

(pp

dvdl

d'p

dv\iT

Hence for Ti, ( 0,,

1 Vdp

^=Tld^-^'''
1

T

:1.

dp

dv

cPp

d7'

dT'

26 6'

w
+

=

0"

dp

dv
= 0,

d'p

=•)

e'\^ =

i- XdvdTjk

v^,t

v-kTk f d^p

ak

Pkv'^k

ak

(-2+ 6»'*)

{Q-Wk-^S\).
pk \dv^dTJk PfcV^k

So we find for I :

X = a' [l + {-2^6'k) + Ve(6-4^'yl-+ ^"A-)]— i?[2+(-2+ ^A)],

i. e.

X = a^\',6'k+'/,0"k)-^6'k.

As experimentally about (see also v. L. B, p. IJOl) :

a' = 15; ^r=0,9; A = 6,8

has been found, we get

:

4,1 6'^ + 2,5 ^"'/c = 6,8.

Hence if O'k is very small — which is inevitable according to

{5a) (see above^i — 0"k will necessarily have to lie in the neigh-

bourhood of 2,7 (with 6'k = —0,l, 0"k would be found even 2,9).

We may therefore consider the value 2,7 as the lowest required to

make A = 6,8, as no doubt O'k will always have a negative value,

even though it be a very small one (see above).

Granting this to be true — and it is hardlj- possible to deny the

above, when for the equation of state the form (la) js assumed with

h and a as functions of v — it is easy to see that the result found

leads to a perfectly impossible result for b"k, if the critical volume

etc. must also have the desired experimental value.

For from (2a), viz.

r-l_ 2 \ — h'k

~V ~~ J «> - 7, b"k
'
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with r=2,l and b'k small, e.g. =0,04— since tiie value of

will amount to about = 1 + V, X 2,7 =r 1,45 —- will follow :

|3"ifc=r 0,69, i. e. vkb"k = 0,QQ.

So instead of finding a negative value, which varies according to

the difTerent assumptions from -0,40 to —0,20 (—0,40 when

association is not assumed), we now find an impossibly large positive

value for vicb"k-

And as nobody will think possible the fantastical course of the

quantity b following from this, a7iy attempt to account for the course

of the characteristic quantity (f in the neighbourhood of Tk, where

— =z — 7, — while at the same time the ordinary quantities must
dm

retain their known experimental values — by the addition of a factor

$z=f{v) by the side of a/y' — hence also of van der Waals's

factor (1—7, .c)'» iïi which x is a function oïv — should be rejected.

In this state of affairs there is nothing left but to assume direct

dependence of the quantities a or b on the temperature.

4. The quantities a or b are functions of the temperature. When

a or b are temperature-functions, all the relations derived in § 1

remain unchanged at the critical point, because in their derivation

we only differentiated with respect to v with 2' constant.

But the value of ƒ, derived in § 2, will in general undergo a change.

a. When a is a temperature-function, we may put a=:akr, in

which t = f(--\ From=/©
RT akx

P = 7 V (1^)
V ~ V

dx
follows, when — (??i = T : Tk) is represented by t'

dm

akx' 1 / ,
ak x\ ak x'

or r= — p +fdp\ _ R
\df)~ '^b " Tkv^'

^' ~ ry^
'

v^ J Tkv^

Hence also :*

T fdp\ RT Takx' ^
,

ak{x— mr')
_ -^ 1 = , or = 1 -1 ; ,

p\dT), p{v-b) pTkv' pv'

or because evidently xk=^l

Tkfdp\ RTk akx'k
, ,

ak{l—t'k)
fz= I

—
1 = —

» or = 1 H
pk\dTjk pk{vk-hk) pkv'k pkv*k
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After substitution of llie values of s from (5), pt from (4) and

vk : bk = r, this becomes :

r 27 1 27 1

f= s -~r'k, or ~l + —--{l-tk), . . (6a)
r— 1 r' /j r' /^

8 A, r
,

in which also — can be written lor s according to (5).
r— 1 /j r—

1

r 8 A
As with 8= 2,11, ?'^2,1 the value of .9 or —-7^ amounts

r—

1

r— 1 /j

27 I

already to 7, and also 1 -\—~ -- --=1 — it follows necessarily that

the value of x'k must either be^(almost") 31= or exceedingly small ^).

In consequence of this the oi formulae (6), (7), and (8) can also

be kept unchanged.

Let us now calculate the value of the characteristic function rp,

/dfp\
or rather of the quantity X = — v" •

\dmjk

Now we proved in a preceding Paper (see v. L. B, p. J104-

1105), that when only a is a function of T, the coefficients of a*

and ^ in the expression (da) for X both become = 0, and that

therefore only :

-."

is left.

In this experimentally the value — 40,8 is found for g"<2 ^), so

^) We will just remind here of the fact, that some thirty years ago, when r

27
was still =3, the value — 1 had to be assumed from /"= 1 + -r- (1 — t''') =

T
1 -f 3C1 — t'*) for f'jc to make /"= 7. Clausius' function t = 1 ; m satisfied this

condition, but also the better function t = e^-"* of van der Waals.

/er8
2) The mere fact that so high a (negative) value is found for e"ii , i.e.

dm^Jk

for V constant, is a proof that a (or h) must be a temperature-function. If

one substitutes in the above given expression for F'j^, viz. F'k=[ ——^~ ] =
\^ dm J

= e"p - (a2— ^) a"^^^ —V6«2e'"^2_^, for F'k , f",.,< ^"^ ^'"v'^t
I'^sp- the values 39,6,

— 11,4 and 29,6 experimentally found (loc. cit. p. 1101— 1103), one finds

namely with «2 = 15, (3 = 0,9 for e'\, the value 39,6+14,1 .(—ll,4)+2,5 . 29,6 =
= 39,6— 160,7 + 74,0 = —47. If the values —11,4 and 29,6 are raised resp. to

—12 and 36 for the reasons given on p. 1103 — 1105, one finds for e",2 the above

given value — 40,8. At any rate this value differs much from 0, and a (or b) is

therefore certainly a temperature-function.
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that X with f ^=7 assumes the value 40,8 : 6 = 6,8. [The original

equation (9j gives 39,6 for F'k with the experimental value, and

of course also X = 13,4—6,6 = 6,8 with «^ = 15,2, (3 = 0,9]. This

value is in perfect agreement witli the course of the value of fp in

the immediate neighbourhood of Tk (loc. cit. p. 1100—1102), from

which even a somewhat higher value would follow.

Let us now calculate the value of e"(2 on the supposition that a

fdp .

is a function of 2". From the value found above for | ^r;r, I, viz.

fdp\ R aict' „ ,, ,. , / „ d''t dT'\

V^7.

dT "

— = —;, follows imm.ediately t = ——= -—
dTj^ v—b Tk v' ^ \ dm^ dm)

'd'p \ aic t"

dT^Jv~ ~ ^VV
hence

d'-8\ 1\' fd'p\ akx\
8-fi =

dmy/c pic KdT^Jic pic v/c'

SO that we find;

«jfctr'fc ak{l—r'k) r"k ._ .

when we substitute the value found above for /—1.

Now t';^- = may be put (see above), so that with X =^ 6,8 we

shall have (see also p. 1106 loc. cit.):

T">t = 6,8-

So when — as an explanation of the course of (p at Tk—
a:=^akr is put, in which x=Lf{m), x must satisfy the two conditions

:

x'k = 0{±) and x"k—7.

/?). If h is supposed to be a function of the temperature, then

from

RT a

P = -~l 1
....... (Ic)

V—bkx V

in which r is therefore both a function of v and of T, follows

:

dp\ __ R RT bkx' R 111 bi- X
1 +

V— bkXdTJy V—bkX {v— bkx,- Tk v - b^x

dx
when t' = — at v constant.

dm

Hence

:

f=L^f±)^^^'^(r+hJ±), . . . (66)
pk\dTJk pk{vk—'bk)\ vk—bkj

because at Tk the value of t is evidently again = 1. And since
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again tlie factoi- A*^';^. : pi, {r/. — />/,) z= s yields already ƒ=^ 7, now
r— 1

'

too t'a; must be either (about) 0'), or exceedingly small, so that also

in this case the formulae (6), (7), and (8) can remain intact.

And as for t'a;= again formula (9/>) holds, viz. A=— g'V^ : (ƒ— 1),

because the coefficients of a- and [3 in (9a) will l)e = (see above

at a), we again determine only b"ii.

We find:

cVp\ 2R hkr' 2RT (hkx'\' RT bkx"

dry, {v-bkry Tk {v-hkxY\TkJ {ü-bkxy Tk'

hence, when r't = is put

:

„ Tk^fd^p\ RTk
„ bk „

pk \dlyk pk{vk—hky vk--bk

taking the value of ƒ into account according to (Qb) — when x'l,

is put there = 0.

So we find for A:

^=-7^-^- (9<0/— Ir— 1

d'r
in which x" =— for v constant. We draw attention to this, that

dm'

X= x"k was found on the assumption of a= akx (formula 96').

Nqw ƒ : (ƒ— J) (r — j) =3 7 : 6 X 1,11 = 1,05, SO that we must

now get

:

x^= — 6,8 ; 1,05 — — 6,5.

So whether one takes a as temperature function or b — in both

cases one will find t'^:- = 0, and x"k not far from 7, resp. — 7.

And as to the dependence of the quantity b on v, b'k will be at

most 0,1, vkb"k at most — 0,4 (see § 1).

By the side of "/<- iio function of v can occur which could

account at the same time for the course of the quantity (p at 7\;

and for the known values of the critical quantities. So not van dek

Waals's factor (1 — 72'^')'^ either, in which x is a function of v

(see § 3).

1) It is of course impossible that r't is absolutely = 0, for then the critical

temperature would have an exceptional meaning in tlie series of temperatures

between r=oc and 2' = 0, to which it cannot lay claim. For quantities which

have only significance in the heterogeneous region, wliere liquid and vapour coexist,

there can indeed be question of a factor 1 — m in the neighbourhood of Tt,

which factor would become = at Tn {m = 1) — but never for quantities as

a and b, for which the critical temperature is no more than an ordinary tempe-

i'ature. So t'^ can only be exceedingly small.



58

These are accordingly the inevitable conclusions to which the

investigation of the preceding paragraphs has led us.

5. lite reduced equation of state. Already in previous papers

(v. L. Ill, p. 568, IV, p. 719) I made use of the reduced form of the

equation of state, when b=:f{v) was assumed in consequence of

association. Van der Waals has, however, (see particularly v. d. W. II)

given such a form to the reduced equation of state, that the law of

corresponding states was brought forward in a new form. For this

purpose it was only necessary to divide the former reduced volume

(expressed in vk) by - = 1/ '-—-. (The relation bk-b^ or bg-.h^

may be left out of consideration for the present; we shall return to

it in our concluding paper).

Van derWaals's results are naturally more or less approximative;

tirst because the factors l^ and A, have been disregarded, and secondly

because not r=zvk-f>k, hut again r' = Vk-bg was introduced.

There is now no longer any approximation, and we get — also

by a simpler way — the results found by van der Waals, perfectly

defined, when />,7^ and v are not expressed in the real critical

quantities jyk, Tk, and vk — but in the ideal critical quantities, i.e.

those which would hold for the ideal equation of state with a and

b constant. If we call the latter quantities i)'k, Tk, and v'k, then

8a ,1a
, o.

Then from

:

V'
P + -^{v-b) = RT

follows the equation

(^'P'k + -7^1 {n'v'k- ii'v'k) = m'RT'k,

\ n" v'ky

when f ', n', b', and m' resp. represent p : p'k, v : v'k, h : v'k, T : T'k,

just as formerly p : pk, v : vk, b : vk, T : Tk were represented by

f, n, /?, and m.

After substitution of the above given values of RTk,p'k, and v'k,

we get therefore as before

:

f g' . _LA !_ ^ (n' . dbk — /?' . ^bk) = m' .
— f ,

i.e.
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+ i)'"'
-"'*=¥'"' ^"*

Had we expressed everything in the real RTk, pk a,nd vk, we
shoidd have got

:

27:r^\ 8

or also

:

27 : X.r'\ 8 A,
e + - \{ti—^)—— ~m = sm, . . . (10a)

11 J ^ >^2

in which [i = h : vk = b : rbk-

Hence the new reduced quantities e, m, n, and /? of equation (10)

are to the original ones in the following simple relations:

m'= X^7n = m Xi^'k- T'k) \ q|\

n' = y^r.n^z n X {vk ' v'k) ]

Substitution of (iJ) in (10^/), of course, im mediately leads to (10),

and vice vei'sa.

Van der Waat.s has retained e' = f, ul' = m, and therefore his

new reduced equation of state will in this respect only hold by

approximation, though the dilTerence will be exceedingly slight. But

as VAN DER Waals does not put n' == -/^r . n (or ii! = n : 7»), but

n' = 71 : VrS ill which r' does not represent Vk : bk, but Vk bg, while

bg and bk can differ 4 or 57o , the difference with the reduced

equation of state (10) will be much greater for the quantity n -. '/,',

because in (10) the specific element [embodied in the quantity r

(A, and X^ left out of consideration), which quantity r can be difTerent

for different classes of bodies] has been entirely removed.

U a and b are still functions of the temperature, the term 3 : ?i"' in

(10) will have evidently to be replaced by 3/(?7i') : ?z", or /5' by l^'fim').

As according to (6) X^{/—1) : 3 == 9 : r\ also :

and we may also write instead of n'^zn-.y,.-

n' = n : \X 't

now perfectly accurate.

In a following (concluding) pa])er some remarks will be made

about the dependence of a or b on the temperature, and some general

considerations will be given about the nature of the function b =zf{v).

Fontanivent sur Clarens, March 1913.
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Chemistry. — ''Colloids and the phase )-ide." Bj Dr. E. H. Buchner.

(Communicated by Prof. A. F. Holleman).

(Communicated in the meeting of April 25, 1913.)

The question, whether tlie phase rule can be applied to .systems,

in which a coUoïd occurs, and if so, in what way, lias been discussed

more then once. Some investigators have concluded, that it is not

allowed; the greater part, ho\ve\er, think, that — under certain

restrictions — it can be done; systems, in which irreversible reactions

occur, must, for instance, be excluded'). The question has been

examined most closely by Pavlov^) and Jonker^). Both consider a

colloid a system of two phases, but, whilst Jonker applies the usual

rule, Pavlov introduces a new independent variable, namely the

specific surface of a phase, i.e. the ratio of its surface to its quantity.

He gives the phase rule then naturally the form

without applying it practically or giving any experimental proof of

its exactness. It is certainly easy to see, that such a proof will be

impossible, since the number of degrees of freedom is found to be

just as great if one applies the ordinary phase rule, provided that

the colloid is taken as one phase. If we take e.g. a solution of

gelatine in equilibrium with its vapour at a certain temperature,

71 = 2, and according to Pavlov ; =r 3 ; the system has therefore

one degree of freedom. If, on the other hand, we consider the

solution one phase, and apply the familiar rule, then it follows

from F=72-{-l — r{l, because the temperature is fixed), that in

like manner F^=l, because now ?^ is taken ^ 2. Thus it will

never be possible to decide by experimental evidence, which of the

two formulae has to be applied; this must be deduced from consi-

derations a priori: we should ask ourselves whether really a new

independent variable must be introduced, and whether a colloid

actually consists of two phases. As to these questions, Jonker has

adopted the view, that neither the surface-tension, nor any other

quantity must be taken into consideration, and that therefore the

ordinary rule may be maintained. Taking a colloidal solution as

composed of two phases, one will find — ceteris paribus — one

degree of freedom less than in an ordinary solution, and Jonker thinks

this to be confirmed by the absence of the depression of the freezing

point and the other quantities connected therewith in typical colloidal

i; Henri, Z. phys. Gliem. 51, 31.

2) Z. phys. Ghem. 75, 48.

3) Kolloid-Zeitschrift 8, 15.
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solutions. From the formula F=n-\-3 — r it would indeed follow,

that the freezing; point depends on the concentration, whereas

F =^ n -\- 2 — r would lead to the conclusion, that the freezing

point does not varj with the concentration, which is in agreement

with the observations.

It seems to me that new light is thrown upon these questions, if

we take a view, which was brought forward, a few years ago, by

Einstein and Perrin. Our starting-point then will be Einstein's

declaration "') that the only ditFerence between a dissolved molecule

and a suspended body lies in their size, and that one cannot see,

why a number of suspended bodies should not exert an osmotic

pressure just as well as a number of dissolved molecules. It will

be superfluous to point out, how rich in results this conception has

become in Perrin's hands. I only wish to mention that Perrin ^),

with the help of considerations on (hat very osmotic pressure,

deduced a formula for the distribution of a suspension under the

influence of gravity, ^vhich was fully confirmed b}^ the experiments.

Should objections be raised against his reasoning, Lorentz') has

shown, that the formula can be obtained with perfect strictness.

Moreover we find it developed by van der Waals—Kohnstamm^)

in a third way; in fact these authors apply to Perrin's suspensions

a formula, deduced rigorously for ordinary diluted solutions, only

making those alterations that are necessary aud permissible because

of the enormous molecular weight of one of tiie components. It is

quite evident from all this, tliat suspended granules may reallj^ be

treated as enormous molecules.

Now it is onl}^ a short step to the conception, which I propose,

namely, that a colloidal substance must be considered one phase, as

well as a solution of sugar in water is one phase. Let us confine

ourselves for the present to the sols, cases, that are usually treated

as suspensions or emulsions. For these the given conception leads

to the conclusion, that they really exhibit a diminution of the vapour

pressure, that, therefore, the freezing point changes with the con-

centration, but at the same time it shows this dapression to be

exceedingly small, because the molecular weight or the quantity,

which we may in this case regard as such, the weight of the

particles floating in the liquid — is so considerable. The proposed

assumption is therefore in agreement with the experimental results,

1) Ann. d. Phys. [4] 17, 549.

2) Ann. d. Ghim. et de Phys. 8e Sér. T. 18.

3) Ghem. Weekbl. 7, 827.

*) Lehrb. der Thermodyn. 11, p. 567.
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the molecular weight of which is not too great, as for instance

tannin, may assist in clearing up this point. Sven Oden's^) solutions

of sulphur also, which melt sharply and reversiblj, seem to be a

favourable subject for the determination of the depression of the

freezing point, or, perhaps still better, of the osmotic pressure.

If this idea is accepted, one must evidently reject Pi anck's opinion -)

that the alteration of the vapour pressure would afford a means ot

distinguishing between emulsion and real solution. Emulsions too

will show diminution of the vapour pressure, but in such a slight

degree, that it escapes observation.

It is curious to note, that the workers in this field have made
their exj)eriments as if the colloid consisted of one phase, although

they were, of late at least, theoretically convinced, that it was composed

of two phases. A striking example is found in Jonkkr's second

paper'). This investigator takes a solution of tannin in water as

having two phases; when adding a definite amount of ether, he

observes a division into three liquid layers, the composition of which

is determined to 0,5 7o» 3,1 7o ^"^"d 44,3 "/„ tannin respectively. Now
he calls the system, at fixed pressure and temperature, an invariant

one, because it is composed of three components and three phases.

That is quite correct in my opinion; but, if one conceives tannin

in water two phases, why then does tannin in water with some

percentage of ether added suddenly become one phase ? ^^)

Everyone who is acquainted with, for instance, Ostwald's Kolloïd-

chemie, will see, that my (Tonception is absolutely contrary to the current

views of the present time. I think this to be caused by the fact, that one

has gradually been led to confuse the notions "heterogeneous" and

"composed of several phases." Ostwald ^} for instance, says : colloi-

dal systems, especially colloïdal solutions, belong to the systems,

which are called in physical chemistry heterogeneous or plural phase

systems, and Fkeundlicii ") joins him by remarking, that it is appro-

priate to consider generally systems of two components to be two-

phase systems : real solutions, especially the dilute ones, form extreme

1) Z. phys. Ghem. 80, 709.

2) Thermodynamik, § 223, 3rd od., p. 205.

3) Kolloïd-Zeitschr. 10, 126.

"*) It will be evident, that I certainly think Jonker's determination of the critical

solution temperature of the two phases with a slight percentage of ether to be

conclusive.

'') Grundriss der Kolloidchemie, 3rd ed., p. 23.

*') Kapillarchemie, p. 308.
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cases, to be regarded as one-phase systems. This view, the conse-

quence of which would be, that an ordinary solution of salt would

consist of two phases, and that even one phase would be compo-

sed of separate molecules, is the fundamental difference between

OsTWALD and Freundlich on one side, and myself on the other.

As to this point I wish to refer to Bakhuis Roozeboom's clear repre-

sentation ^) of the fact, that the notion "homogeneous" is only a

relative one, and that, what is called by us a homogeneous system,

deserves this name only, because the molecules are so small and

our observations not delicate enough. When defining later the

"phase" ideal he speaks of homogeneous states (it is clear now, what
is meant by this), and further of internally uniform forms of appear-

ance of a substance, differing in state of aggregation, composition

or energy. Of course, one cannot speak of a state of aggregation, when
treating of molecules; further, the energy content of different mole-

cules will differ, so that one will have to consider each molecule as

a phase and there should be as many phases as molecules. Those,

who desire a more thermodynamical treatment of the idea phase,

will find it in van der Waals-Kohnstamm's text-book ^). When giving

a definition of phase, these authors claim that there must exist a rela-

tion between the different thermodynamical factors, potentials, pres-

sure and temperature. How can there be any question of that, so

long as we have not a complex, composed of numerous mole-

cules, whose number permits us to apply statistical methods ? To
carry the idea phase so far seems to me to be in complete contra-

diction to the notion itself, as we are used to apply it. An other

question is connected herewith. The defenders of the two-phase con-

ception add, that the systems are complicated by this fact, that the

surface of contact between the phases is very great, and that con-

sequently surface forces must play an important role. But this, too,

only holds good within certain limits; for, once more I put the

question, what, if one of the so-called phases is composed of sepa-

rate molecules — not an impossible state of affairs, when w^e think

of the size of albumen-molecules? Do the laws of surface action,

which are known to us, hold good in that case ? It requires no

argument to show that the special forces, which certainly come
into action in sharply curved surfaces, are always calculated and

measured in cases, in which we still have a great many molecules,

1) Heterogene Gleichgewichte I, 9.

') Vol II, p. ]1. Professor Kohnstamm was kind enough to direct my atten-

tion to the fact, that in the same book, vol. I, p. 123 the condition, that a phase

must consist of a great number of particles, is plainly stated.
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and that, when we pass on to the molecules themselves, the ordi-

nary attractive forces — the a,2 in van der WAALs'-equation —
must be able to explain the phenomena in first approximation.

Of course, in this conception we are breaking to a certain extent

with homogeneity as a necessary element of the notion "phase".

But, as I pointed out above, homogeneous is only relative, and so

it is only the limits, which are removed. An emulsion too may

after all be homogeneons, as long as we do not divide it in parts

of too small a size. It depends on the circumstances, how far one

may go on with that. As long as we have in the separated part so

many molecules — either "really" dissolved, or suspended granules or

droplets of liquid — that statistical methods are applicable, that

therefore mean values of velocity, energy etc. may be calculated,

so long are we allowed to speak of homogeneity. If we go further

so that finally one granule in a quantity of liquid is left, then we
must call this heterogeneous. A system, for instance, consisting of

one drop of oil, floating in a mixture of water and alcohol, is

decidedly heterogeneous. For the rest, the remarks just made turn

out to be the same in principle as the question, how to consider

a gas in such extreme dilution, that there is only one molecule in

the unity of volume.

To summarize, my opinion is, that when we desire to treat the

questions, usually dealt with by means of the phase rule, for the

case, that any one of the phases is a colloidal solution, we have

to apply the rule in its ordinary form ; only when making quanti-

tave determinations, we have to paj attention to the size of the

molecules. When, however, we wish to investigate as to whether

the so-called suspended granules exclusively consist of one component

or — as probably the ions do — condense a mantle of liquid-molecules

around themselves, we are not likely to succeed with the phase rule,

and we shall be obliged to have recourse to other methods, as for

instance those in use for the electrolytic or gaseous ions just mentioned.

Although I have restricted myself to sols, I see no objection at

present — - in connexion with the results of a previous investigation ^) —
to extending the given considerations to gels.

After the above paper had been written, the April number of the

Journal of the American Chemical Society came into my hands, in

which Tolman treats the same question in an analogous manner as

Pavlov did, though he obtains different results. 1 shall return to this

point shortly in another periodical.

Inorg. Chem. Lab. University of Amsterdam.

1) Wolff and Büghner, These Proc. 15, 1078.
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i^hysiology. — " Velocity of the intestinal movements in dijferent

mammals." By Dr. E. Laqueur and W. R. van der Meer.

(Communicated by Prof. Hamburger).

It is a well-known fact tliat the metabolism of the smaller kinds

of mammals is more intensive than that of the larger kinds. The
smaller species not only take comparatively more food, but the need

of food makes itself mo)-e frequently felt. To explain the latter fact

it mnst be assumed that in the smaller animals the food passes

much more rapidly through stomach and intestinal canal than in

the bigger ones. This is also borne out by the fact that the smaller

species defecate much more frequently than the larger ones. The
velocity with which the food passes through the intestinal canal is

certainly dependent on the velocity of the intestinal movements.

Generally speaking the movements of the larger mammals are

slow and heavy as compared with the movements of the smaller

kinds. The problem relating the velocity of the intestinal movements

is the more important since it seems that it is not absolutely certain

if the quality mentioned just Jiow. which holds good for (transversely)

striated muscles is also found in lissed (non-striated) muscular cells.

Immediately on the abdominal ca\ity being opened, it becomes

manifest that the movements of stomach and intestinal canal are

indeed much more rapid in smaller mammals (e. g. rat and mouse)

than for instance in the rabbit. The difference becomes still more
conspicuous when an intestinal coil is extirpated and allow^ed to move in

a suitable warm salt-solution wdiich has been saturated with 0^ (e.g.

the one suggested by Tyrode).

A further investigation of this difference is the object of these

researches. For this purpose we adopted the method applied by

Magnus when studying the qualities of the "surviving" intestine. As
we know he suspended a piece of an intestinal coil in a solution of 37°

through which a current of oxygen was led. The contractions of the

longitudinal muscle were transferred to a lever and registered. The intes-

tines of smaller animals présent some difficulty since the absolute value

of the intestinal muscular force is but small. We have examined the intes-

tinal movements of 8 kinds of mammals (mouse rat, guinea-pig, rabbit,

cat, dog, pig, cowl and that nearly always on duodenum and ileum ^).

1) I avail myself of this opportunity to tender my best thanks to Prof. C. F.

A. Koch, who enabled me .to examine also pieces of intestines of man, which it

had been necessary to remove by operations. Until now however, only pieces of

coecum and processus vermiformis could be supplied; both parts sliowed very

slow movements.

5

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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Though the contractions of tlie isolated piece of intestine cannot

be considered identical with the movements taking place in the

body in normal circumstances, yet it must be assumed that certain

properties of the living intestine may be studied by means of the

isolated one.

The results obtained with the 2 kinds of animals mentioned last,

are not absolutely certain, as we were not able to study for a long

time at a stretch the intestinal movements of these animals, which

were killed at tlie slaughter-house. This was only the case with those

which were killed at the laboratory.

Perhaps it is more difTicnlt to feed the thick-walled intestines of

pig and cow sufficiently with O.^. Moreover the intestines of the

animals killed, cannot be exposed at once to a current of oxygen,

because the intestines have to be taken from the slaughter house

to the laboratory. This was done as carefully as possible in a

so-called Thermos-tlask (Dewar's flask) which had been filled with

a Tyrode solution of 37° saturated with 0^. Thus we were enabled

to prevent the intestine from being cooled down.

As a rule the movements of the duodenum are somewhat more

rapid than those of the ileum. Here, however, we shall give only

the average values; the extreme values are not absolutely certain.

I. Intestinal movements of various species of animals: at ca. 36.5°

niraal
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movements a minute i.e. the same number as found in full-grown

animals.

III. As yet no support has been found for the opinion that small

but full-grown individuals of a certain s[)ecies have more rapid

intestinal motion than bigger individuals of the same species.

The following experiment s h o w s t h a t i t is n o t

the size or the age, but the kind of individual
w li i c h affects t h e i n t e s t i n a 1 m o v e m e n t s.

The intestine of a half-grown rat of 86 grammes (i.e. as heavy

as the above-mentioned rabbit of 3 days) as well as the intestine of

a guinea-pig 9 times this weight, (777 grammes) contracted exactly

twice as rapidly as the intestine of the rabbit (rat and guinea-pig 35,

rabbit 16—18 a minute).

A number of questions are connected with these facts. First the

movements of the various parts of stomach and intestinal channel

must be compared. Further birds and cold-blooded animals must be

examined. These experiments we have partly carried out already.

It is not sufticient to study the velocity of the intestinal movements,

but it should also be investigated how much labour is performed

by the intestine.

In short not only the anatomy, but also the mechanical function

of the intestine and the various parts of the stomach and intestinal

channel must still more be submitted to a comparative examination

in the ditFerent species of animals.

Physiological Laboratory of the

University of Groningen February 1913.

Paleontology. — ''The orientation of the shells of Beyrichia tuber-

culata Klöden sp." By Dr. J. H. Bonnema. (Communicated

by Prof. Moll.)

Among the smaller fossil Ostracoda the best-known is certainly

Beyrichia tuberculata Klöden sp., illustrations of which are found

in nearly all the text-books on paleontology (1, p. 527) and strati-

graphical geology (2, p. 130).

From the figures found in these books it appears that these valves

present a lateral aspect which is more or less oval. One of the long

edges is straight; the other is curved, which is also the case with

the two short edges. On the side there are two nodes near one

5*
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short edge, and near the other there is a lobe, cut across by two

furrows into three parts. In the space left between these lobes and

the straio-ht edge, there is an oval node, the long axis of which

stands at right angles on the straight edge. This latter node is

situated nearest to that short edge close to which the two nodes are

found. Of these latter the one that is at the greatest distance from

the straio-ht edge, is sometimes considerably swollen. Such valves

are assumed to have originated from female individuals and the

swollen node to have served as ovarian pouch.

That this Ostracod is so universally known is undoubtedly due

to its frequent occurrence in the upper silurian Beyrichian limestones

of which a great many erratic boulders of Lower Germany consist.

In our diluvium too such boulders are by no means rare.

But however well-known this species of Ostracoda may be, it

soon appears on examining the literature on the silurian forms that

the orientation of the shells is still doubtful, in other words which

valves are to be considered as right ones and wdiich as left.

Now the purpose of this paper is to solve this problem.

Before proceeding to this, however, I will tirst give a short account

of the history of this problem.

The first person wliom we may suppose to have been acquainted

with this Ostracod, is Leopold von Buch (3, p. 71;. In 1828 he gave

a representation of a piece of Beyrichian limestone and in this

described Chonetes striateUa Dalm. sp., which he called Leptaena

lata and to which he gave the shells of Tentaculites as spines. To

the Ostracoda found in this rock he gave the name of "Leptaeimi-

brut." It is quite possible that among these there were also valves

of Beijrichia tuhercidata, but this cannot be ascertained from the

pictures. Von Buch does not mention the orientation of the shells.

Neither do Klöden (4, p. 112) and Burmeistek (5, p. 72), who

took the Ostracoda valves for cephalic and caudal shields of Tribo-

jites. Klöden was the first who in 1834 gave a clear representation

of Betjrichia tuhercidata as one of the forms which he classified

among Battus tiibermlatus.

Not until 1845 does Beyrich (6, p. 47) assert that Battus tuber-

eulatus is no trilobite on account of the asymmetry of the remains,

but must be classified among the Ostracoda as it has a bivalved

carapace. Later, in 1846, M'Coy (7, p. 57) and independently of

him, Boll (8, p. 127) in 1847 instituted the genus Beyrichia. Only

the former gives a sufficient account of the criteria of the new genus.

This author is the first in W'hose works we can find something

about the question we are going to solve.
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Tliis, however, maj üvst bc divided into two parts. We sliall

first decide wliicli edge is to be regarded as hinge line, or in other

words along which edge the two valves moved with respect to each
other, and next try to find out which edge is to be considered as

anterior end, or in other words which of the t^vo short edges was
situated nearest the head of the animal. The first part of the question

will be discussed first being easiest to solve.

M'CoY had got so accustomed to the position which was to be

given to the valves when they were still regarded as cephalic shields

of trilobites that, in mentioning the criteria of the genus Beyrichia,

he described the long curved edge as dorsal side and the straight

edge as ventral. He did this also in a later publication (9, p. 135),

though in the meantime Salter (10, p. 351) in the description of a

species of Bei/richia had taken the straight side as the dorsal edge.

Later investigators always followed Salter's example and in my
opinion this is quite in accordance with what we see elsewhere in nature

in similar cases, so that I agree with him and consider this part

of the question settled.

Now the second part of the problem remains to be solved and

this will take us longer.

In mentioning the criteria for the genus Beyrichia, m'Coy states

that the least developed end is to be regarded as anterior also

recognized by the location of the median furrow and the oval node

in it nearest to that end. There are no data given for this assertion.

Nor does Jones (11, p. 85) mention any. Among the criteria of

the genus Beyrichia he states that the posterior end of the valves

is higher than the anterior end. From the description of Beyrichia

tuberculata, however, it appears that he regards the end with the

two nodes as the anterior end whereas this part is the highest. At

a later date Boll (12, p. 118) and Krause (13, p. 30) did the same.

Barrande (14, p. 467) is the first who tries to prove that the

position of the Beyrichian shells suggested by Jones, is probably the

right one. He does this, however, by comparing the nodes at one

end of the shells of some Bohemian Ostracoda with the lobes of the

Tribolite-glabella. As these nodes occur on the tapei-ing part of the

shells, he takes this to be the cephalic part. As for myself, I would

not follow this line of evidence ; nor does it lead us any further

towards the orientation of the Beyricldan shells, as the latter have

nodes at both ends. Barrande himself admits this too.

Contrary to all former writers Reuter (15, p. 625) assumed that

the end with the three bulb-like parts, was the anterior eiid. He

did this because measuring showed him that this very end is the
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lowest and that in recent Ostracoda tlje lowest end is generally

anterior. Another reason for his lino of conduct was the conjecture

that the large node into which the lower of the two nodes has

sometimes passed at one end, must be considered as the lodging

place of the genital apparatus of the female individuals, whereas

Zenker had said that in recent Ostracoda this genital apparatus fills

the widened and heightened posterior part of the shell.

This conception of Reuter was again refuted by Jones (16, p. 339)

and KiESOW (17, p. 2) but like Reuter, they failed in furnishing

convincing evidence.

Therefore Krause (18, p. 12 ; 19, p. 4) proposed to retain the

position most assumed till it should be proved wrong.

At a later date Ui-rich (20, p. 630) was also of opinion that for

the time being the best plan would be to follow the rule indicated

by Jones and regard the least developed end as anterior.

In 1908 Ui-RiCH and Bassler (21, p. 280) in a paper on the

Beyr'ichiiilae devoted a chapter to this question and tried to solve

it by the following way of reasoning.

With the species of the genus Leperditia the shells have on both

valves near one end a so-called eye-tubercle, which as is universally

accepted b}^ paleontologists is to be connected with the visual

organs. Therefore in Leperditia shells the end with the eye-tubercles

is the anterior end. As the shells are lowest in front here and most

developed behind, owing to a strong retral swing of the posterior

edge, they assume that this is also the case with the Beyrichiidae.

They apply these rules also to Beyvicliia tuherculata and find then

that the position suggested by Reuter, is the right one.

Soon after the publication of Ulrich and Bassler's paper I found

an opportunity of indicating that the rules given by these writers,

as far as the Ostracoda of the Kuckers formation are concerned,

were altogether at variance with the results I had found.

Moberg and Grönwall (23, p. 55), who the year after gave a

terminology for the Beyrichian valves, accepted the position such

as it had been suggested by Jonp^, but added :

"Dock bör framhallas, att denna terminologi pa paleontologiens

nuvarande standpunkt ar endast hypotetisk, afven om mycket talar

till gunst for densamma."

And this is the present state of the question.

As I have said already, 1 think I have enough data now to solve

the problem and from this it will appear that the position suggested

by Jones, is the right one. In doing so I must make use of what
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the Kiickeis formation and besides of what I noticed in valves of

Beijrichia tuherculata Klöden sp.

In Primitla Tola (fig. 1) I found in the first place that the shells

Fig. 1.

Left valve of rrimilia

BONNEMA. X 15.

Tolli

Fig. 2.

Transverse section of the entire

carapace of Primitia Tolli Bonnema,

through the part of the lateral eyes,

anterior view. X 13.

are very thin on the spots where the valves have a more or less

distinct node (fig. 2). As according to Zenker (24, p. 8) this is also

the case with Ostracoda living in the sea, on the spots where the

two composite eyes are located, the short edge of the two valves

which is nearest to the node, appears to be the anterior edge. As

the straight edge is to be regarded as hinge line, accordingly as dorsal

edge, the orientation of the shell of this Ostracod is settled.

Besides I found that the two valves have a furrow behind the

node. In this furrow there is a round spot in the lower part indi-

cating the place where on the interior of the valve the adductor

is listened.

Further it appeared that the free edges of the right valve are

sharp and that on those of the left valve there is a deep furrow.

When the valves are closed the sharp edges of the right valve lie

in the deep furrow of the left one.

In order now to determine which of the two short edges of the

valves of Beyrichia tuherculata is to be regarded as anterior, I

investigated in the first place whether there was any sign of a

muscle impression. 1 succeeded in discovering this in valves origi-

nating from an erratic boulder of Beyrichian limestone found at

Vollenhove. Now the muscle impression is located in the furrow

betw^een the oval node and the three bulb-like parts, as a ligiit oval

spot, the edge of which passes upward into a curved line, which

runs to the superior part of the oval node (fig. 3).

From the location of the muscle impression I think I am justified

ill concluding that the oval node may be identified with the node
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of Primltia ToUi ; the part of llie valve of Primita ToUi which is

situated in front of the node, and the part of the valve with the

three bnlb-like })arts with that part of the valve of Primitia ToUi

Fig. U.

Left valve of Beyrichia tubercu-

lata Klöden sp. X 10.

Fig. 4.

Left valve of Beyrichia protu-

herans Boll. X 10.

which is located behind the lateral grove. My opinion that this com-

parison was correct, was corroborated on comparing the valves of

the Ostracoda mentioned above with one oï Beyricliia protuberans Boi,l,

originating from an erratic boulder of Beyrichian limestone found at

Groningen, which lies between the two others in structure (fig. 4).

From this then we may conclude that the edge near which the

two nodes are located, is to be regarded as anterior.

Next I began to investigate if the structure of the free edges of

the tw^o kinds of valves was in accordance with the conclusion drawn

from the location of the muscle impression.

For this purpose sections were made of the two kinds of valves

at right angles to the dorsal edge, somewhere about the muscle

impression. 1 then found that the structure of the free edges entirely

corroborated my conclusion. The valve which I had interpreted as

Fig. 5. Fig. 0.

Transverse section of the right Transverse section of the left valve

valve of Beyrichia tuherculata Klö- of Beyrichia tuherculata Klöden sp.,

DEN sp., through the part of the muscle through the part of the muscle im-

impression. anterior view. X 19. pression, anterior view. X 20.

the right one (fig. 5) appeared to have sharp free edges and the
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left one (fig. 6) cappeared (o possess a deep furrow as is the case

with Primitla TolII.

This, I think, shows sufficiently that Jones' orientation of the

valves of Bei/richia tiihercidata is the correct one.

As further result of my investigation I may tell that the dorsal

edge of the right valve of Be>/rlc/ii<i tabercidata has a less deep

fnrrow, in which the sharp dorsal edge of the left valve lies.

A more or less identical structure of the edges was also found in

Beyrichia Jonesti Boll var. dauata Kolmodln (17, p. 15), of which

Fig. 7.

Transverse section of the entire

carapace of Beyrichia Jonesii Boll

var, clavala Kolmodin through the

part where the muscle impression is

undoubtedly located, anterior view.

X2Ü.

Fig. 8.

Part of the last figure magnified

four times.

1 possess entire carapaces originating from the clay of Mulde in

Gotland (fig. 7 and 8). Here, however, the dorsal edge of the left

valve is rounded off.
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Physics. — "A Viscosunek-i- for volatile liquids \ Hy Prof. J. P. Kuknen

and S. W. Visseh.

In determining the viscosity of a volatile liquid it is necessary to

take the measurements in a closed viscosimeter. It is moreover desi-

rable that the apparatus should be small, so that it can be easily

handled and the temperature can be easily kept constant in all parts

and that the liquid does not come in contact with mercury ; the use

of mercury at temperatures below its freezing point is in any case

excluded.

In designing an apparatus that should fulfil these requirements,

we based ourselves upon Ostwald's viscosimeter ^). His viscosimeter

consists of a glass f7-tube with one wide and one capillary arm
;

the wide tube has a bulb at the bottom and the capillary tube one

at the top. The capillary tube opens at the bottom into a wider

tube, which curves into the lower bulb. The time which the liquid takes

to pass from the bulb through the capillary tube into the bottom

bulb is observed. The experiment begins, when the liquid surface

passes a contraction above the bulb, and ends, when it reaches the

capillary tube. Before each determination the liquid is drawn up

through the capillary or pressed up from the other side.

The first thing that we tried to do was to make this viscosi-

meter into a closed apparatus by joining the two brandies of

the f7-tube above into an 0; our intention was to collect the

liquid every time in the upper bulb by simply turning the apparatus

upside down.

This was not successful, as the liquid would not join in this posi-

tion, some of it remaining in the wide tube above the capillary.

On this account the bottom reservoir was blown directly on to the

capillary tube and the wide tube was then sealed to it in the

immediate vicinity of the capillary tube. By this means the ap|)aratus

became more compact, as the curved portion of the wide tube

disappeared.

Still liquid remained above the capillary tube, which prevented it

readily flowing back. Moreover the time which the liquid took to

pass through appeai-ed to depend upon the way in which the liquid

flowed out of the capillary tube along the walls of the bulb.

Finally, the capillary tube was provided with a continuation reach-

ing nearly to the bottom of the bulb. When the apparatus is tur-

^) \V. OsTWALD, Hand- unci Hilfsbucli zur Ausfiihrung physiko-chemischer Mes-

sungen, p. 195, 1893.



"6

ned upside down the extreinitj of the capillary tube projects above

the li(|uid, and the liquid runs back without any difficulty. During

the determination the liquid now flows out continually under the

liquid surface. As the figure shows, in making this apparatus a hole

is blown in the bulb; through this tlie capillary tube is introduced

and the two are then sealed together. The final form of the apparatus

is sufliciently clear from the figure. The liquid

is introduced by the side tube A ; after filling

this is sealed off. In the inverted position the

liquid fills the bulb B and part of the wide

tube. If the viscosi meter is then turned up

the liquid flows partly out of the wide

tube to the bulb in which the capillar}' tube

ends ; the flow through the capillary tube begins

at the same time and the meniscus passes along

the upper curve; at the moment that the liquid

passes a mark above the bulb B, a chrono-

meter is set going. This mark takes the place

of the contraction in Ostwald's viscosimeter,

where a drop of liquid isapt to collect. Through

the capillary tube B is now emptied and the

chronometer is stopped when the liquid dips

into the capillary; when the apparatus is turned

upside down, the bulb quickly empties itself.

The viscosimeter is placed in a wider tube, in which a bath of

constant temperature is maintained ; this tube is put up in such a

way, that it can easily be turned upside down.

The whole apparatus is not more than 15 cm. long and by taking

a finer capillary tube, or a larger bulb, it can be made even a little

shorter.

No absolute determinations were made : the times of flow for

various liquids were compared to that of water.

Some preliminary measurements were made with a larger expe-

rimental tube. In the final apparatus the dimensions used were such,

that in determining the viscosity of normal butane a period of flow

of at least three minutes could be reckoned upon. In the preliminary

determinations a difficulty showed itself; in turning the apparatus

over, the small bulb did not easily fill itself, on account of the great

capillarity of water. With liquids such as ether and alcohol no

difficulty was experienced. It seemed probable that determinations

with water would be impossible with a much narrower tube. The

apparatus was therefore standardized with water before the f/-tube
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was closed, while the apparatus was still used like Ostwald's

viscosimeter.

Influence of the quantiti/ of liquid.

The time of flow depends upon the total amount of liquid in the

apparatus. The more liquid there is, the hij^her the surface is in the

lower bulb and the smaller is the pressure under which the liquid tlows.

In Ostwald's viscosimeter the same volume is taken of the various

liquids: in this way the influence of the fdling of the viscosimeter

is eliminated. When the apparatus is filled with a liquid of high

vapour-pressure or liquid gas, it is difficult to fulfil accurately the

condition of equal volumes and it becomes necessary to investigate

experimentally the influence of the volume of liquid. This can be

done by measuring the time of flow of the same liquid, e.g. water,

with various fillings. If we then know the weight of another liquid

used and its specific gravity, we know the total volume. From the

measurements previously made with water we can then find the

time of flow for the same amount of water. From the ratio of tiie

times of flow (/ and Ar) tlie viscosity {ii) is then calculated by tlie

equation

n : i]ir = dt : c?„, ^H'.

Influence of capillarit// on the time of floiv.

In consequence of the capillary action the pressure is not that

of the mean difference of height, but is smaller. It is sufficient to

make an estimation of this correction.

The capillary rise in a tube which is placed inside a second

tube is given by the formula

2fj/l 1

dg\r R—

in which 6 represents the capillary constant, d the density, r the internal

and ?'2 the external radius of the first tube, 7^ the internal radius of the

second tube. By this formula the capillary rise was calculated for a series

of positions of the liquid surface during the flow; further the volu-

mes between the chosen positions were estimated and by means of

these the times elapsing between the moments at which the posi-

tions were reached. The capillary ascension was then represented

graphically as a function of the time and by means of the curve

the mean rise was determined. This divided by the mean height

of the liquid gives the correction for the capillarity in percentages.

For water at 0° with (7=^75.5 we found: mean capillary rise



0.034 cM. ; the mean height of pressure is 11.B cm., which gives

for the correction 0.37o. For water at 30° with <j = 71.0 it is also 0.37o.

The capillary rise of water in the capillary at 0° was 8.0 cm.,

that of butane at the same temperature 2.4 cm. ; the correction for

the time of flow was therefore for butane 0.09 "/o
'• this may be

regarded as constant in the field of temperature used.

Reynolds's critical velocity.

To make sure that the velocity of the liquid remained below

Reynolds's critical value, an estimation was made. The volume of

the upper bulb was about 3.5 ccm. ; the capillary tube was fully

11 cm. long, the diameter of the capillary tube D was 0.038 cm.,

the viscosity i^ is about 0.002, the density d at 0° is 0.60, and the

Ddv
time of flow 300 seconds. With these data we find for the

value 117, which is far below Reynolds's critical value (2000).

Determinations with water. Influence of the temperature.

The water used was . doubly distilled. Great care was taken to

keep it free from dust. It was renewed from time to time, which

had ho\vever very little influence upon the results.

The viscosimeter was placed in a water-bath, which was kept in

circulation by a rotating screw and at constant temperature by

means of an adjustable number of platinum spirals through which

an electric current was passed. Everything was bound round with

cotton wool, which was partially removed at the beginning and end

of the time determinations. The temperature was read e^'ery minute.

The greatest difference during one observation was 0.07°, in the

second series during 54 minutes it was 0.

During the measurements at 0° the viscosimeter stood in ice.

The two ends of the U-tube were covered by glass caps. After

each determination the liquid was sucked up by a water pump.

I temp. time

31 Oct. '12 26.05 12 m. 11.4 s.

25.99 11.4

26.03 11.6

26.03 1J.7

26.05 11.2

mean 26.03 731.5 s.
'

26.48 726.6 s.

Corrected for capillarity 729.3 sec. 724.4 sec.

II temp. time

1 Nov. 26.48 12 m. 6.8 s.

26.48 6.7

26.48 6.2

26.48 6.6
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a strip of cork, made two openings in the ice for the observation

of the beginning and end points. The test-lube stood vertical!}- in

ice, in whicli also two tubes left room for (lie observations. After

one determination the test-tube was lifted out of the ice, turned

upside down and put back in its place again after the upper bulb

was filled.

Finally a determination was made in a bath of boiling methyl

chloride.

At the suggestion of Prof. Kamerlingh Onnes a vessel of germaii

silver was constructed for this, in which the viscosimeter was sus-

pended in methyl chloride in snch a manner that it could be turned

round while inside and that the position of the liquid in the upper

bulb could be observed. In the construction connections with sub-

stances like sealing wax which come into contact with the cold

liquids have to be avoided. By this means we avoid contamination

of the liquid and cracking or giving way of the connections which

the cold might cause. All connections are therefore made in the lid

of the vessel. The three projections are represented in fig. 1, 2 and

3 at Vs of the actual size. The details in tig. 4—6 are actual size.

The vessel consists of a neck H of circular section, a wide part, of

elliptical section, E, and the bottom, whicli consists of a seinicircu-

larly bent strip R, the diameter of which is equal to the large axis

of the ellipse and two curved sideplates P^ and P.^ which complete

the vessel. The vessel is provided with a number of strengthening

rings V (necessary for working at low internal pressure) and stands

in a box filled with cotton wool.

The viscosimeter hangs in the lower part of the vessel in a frame,

BG, which is attached to a german silver tube TS, which projects

above the vessel through an opening. This opening is made air-tiglit

by a stuffing box PB (fig. 4). The tube has a bend by which the

opening in the lid comes just ontside the middle, which is necessary

in view of the available space. This tube can be moved up and

down in the stnffing box.

The viscosimeter can be turned round an axle. (tig. 5). The two

tubes of the viscosimeter wound round with silk are clamped between

two blocks B^ and B^ by two screws S^ and S^. B^ is soldered to

the axle. The axle is provided with a pulley K^, which is worked

by means of an endless spiral spring -S' V (fig. 1 and 2) by a second

pulley K^ in an air-tight box above the lid of the vessel ; the axle

projects outside through a stuffing box (see fig. 6). This pullej'^ is

raised up out of the way of the oilier parts on two tubes B^ and

Jl.^ soldered on to the cover, and through which the spiral spi-ing runs.

G
Proceedings Royal Acad. Amsterdam. Vol. XVI.
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The frame BG is provided with a pall bound with silk, which

prevents the viscosimeter going- bc3ond the vertical position. The

turning' takes i)lace in a phxne parallel to the long axis of the ellipse.

For the observation of the viscosimeter there ai-e two view tubes

KB fastened into the cover in the direction of the short axis of the

ellipse, which reach below the upper bulb, (fig. 1 and 3). (In tig. 2,

part of one of the tubes is shown). These tubes are closed air-tight

above the cover bj thick glass covering plates DP. The light of a

glowlamp is thrown upon the viscosimetei' b}^ the mirrors S^ and

^Sj, it can be viewed by the mii'rors S^ and aS (fig. 1). The mirrors

S^ and aSj (tig. 7) ai-e attached to a copper cross which is soldered

on to a hoop of copper wire A", resting upon the bottom of the view-

tube, and by which the mirrors can be easily adjusted. When they

are in the right position the wire is fastened with paraftine. Opposite

to the mirror the view-tubes have a side opening ground flat, on to

which a covering glass is fastened with tish-glue. This connection

remains firm even in liquid air. By this means the light falls through

a plan-parallel layer of liquid, so that the bulb does not ai)pear

distorted. To avoid the glue being exposed to pressure, there are

openings higher up in the view-tubes (fig. 1). By moving the viscosi-

meter a short distance up and down with the handle TS the mark

above the bulb or the beginning of the capillary tube can be brought

into view. The spiral spring remains tight the whole time.

In addition the vessel contains :

1". an electro- magnetic stirring pump RP (fig. 2 and fig. 3 ; in

fig. 1 a part of it). The iron core V is moved up and down by an

electro-magnet round the tube RP^. The bottom of the cylinder /^/-'j

and the piston are provided with suitable valves, turning on an axis

represented in fig. 3 by a double dotted line. The shape of the

cylinder is here shown also.

2". a floater which indicates the height of the boiling liquid.

3". a platinum resistance-thermometer, of which only the tube

sealed into the cover is shown : TH (fig. 2 and 3).

4". a supply tube for the liquid TV, which is closed after tilling.

5°. a tube A V to lead off the vapour, when working at low

pressure.

6". three tubes B^, B.^ and B^ (fig. 3) which fill up the super-

fluous space, to save liquid and trouble.

When tested this cryostat appeared to be in every way satisfac-

tory, the distinctness of the readings left nothing to be desii-ed. At

the same time the volume of the butane was so much diminished

b^' contraction that it was difücult to get sufficient pressure, when
6*
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a simple special case to draw up a formula here, which is in

agreement with what is known concerning- the kinetic energy. This

special case is the following.

A large number n^ of particles move in a space V, which has

the following properties : the pai-ticles can move freely in a part of

the space without being subjected to forces, I will call this part the

free space. In another part v forces will act which are directed

towards a centre; the intensity of these forces will be proportional

to the distance from that centre. We will assume that not only one

centre of this kind is present in the space, but n^, each of them

surrounded by a region v. Every region v, however, will be

surrounded by a transition region, which is characterised by the

property that a particle lying in it has a much higher potential

energy than one in the free space. In other words: when the

particles come from the free space and j^enetrate into the transition-

regions the}' are at first repulsed, and not until they have approached

towards the centre to within a definite distance 7^ will they experience

the forces directed towards the centre, which I will call the quasi-

elastic forces. I will assume, that the sum of all the regions v and

also of the transition-regions will be small compared with the free

space. This latter may therefore also be represented approximately

by F.

It is obvious that in each of the regions v particles can move
which execute harmonic vibrations. The period of these vibrations

will be determined by the mass of the particles and by the intensity

of the quasi-elastic forces. We will raise the question, what will be

the distribution in velocity and the distribution in configuration of

these particles.

I will asscme that the component of the velocity in the direction

of the radius-vector towards the centre of attraction will show a

smaller amount than would agree with the equipartition law; but

that the components perpendicular to it will show the normal equi-

partition amount. I make this assumption in order to account for the

energy of di-atomic molecules, which corresponds at ordinary tem-

peratures with five degrees of freedom. In reality, however, the

properties of di-atomic molecules will probably be somewhat different

from those assumed by me. The average kinetic energy of the com-

ponent of the velocity in the direction of the radius vector of par-

ticles which lie in the regions v will be represented instead of by

vh
the normal \ S, by the value ascribed to it by Planck :

vh

— 1
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The supposition would now natumlly suggest itself, 1"'. that the

mean value of the kinetic energy for this degree of freedom would

be the same for the ditferent points of the region v; 2'"'. that the

partition of the velocities for this component would be represented

by Ce (Ir ^). Tiiis expression however leads to an untenable

formula for the distribution in configuration. I will therefore assume

that the ladial component of the velocity does not follow Maxwell's

law for the distribution of velocities, and that the mean kinetic

energj^ belonging to it is different for different points of the region z;.

For points at a distance r from the centi-e e.g. it will amount to

F {)'). This function F (r) is unknown; we oidy know that its mean
value for different values of r will amount to 5 U. The components

of the velocity perpendicular to the radius vector will be denoted

by .s'' and i . Their mean kinetic energy will be equal to the normal

equi partition-amount.

In a harmonic vibration kinetic and potential energy are jieriodi-

cally converted into one another; Ihei-efore the distribution in

configuration will follow the same law as the distribution in velocity.

We are therefore justified in the following assertions concerning it.

Let us take all molecules with a definite velocity y, and investigate

their deviations from the position of equilibrium. We will call the

component of the deviation in the direction i> >v, the components

nornuil to this direction r^ and r, . The mean value of {fr/ for

these molecules \yill again amount to F[\>), which function agaiji is

unknown, whereas its average value for ditferent values of v» amounts

to \ U. The average values of hf^'s^ and kp'i' pj'esent the normal

equipartition-amount.

In this way we are induced to represent the number of particles

whose coordinates and momenta are included between definite

limits by :

fy.+ f

Ne / {mr, ms', iiit', 7\; r^, r^, r) </iin' dins' dint' dr„ d g dvi . . . (14)

Here Ej, = 72 "^ ('"^ 4" ^'^ ~\~ ^'0 ^^^^ ^<j =^ the potential energy. In

the space V this potential energy has a constant amount e^ ; in the

i) These Proc. Vol. XV, p. 1355 I really have expressed the opinion that this

partition of velocities would probably exist. 1 have however written erroneously

'/s U in the numerator of the exponent instead oi U. ]i U represented the total

kinetic energy of a particle with three degrees of freedom, 1/3 U would be the

right value. U re^jresents however the kinetic energy for one degree of freedom.
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regions v it is equal fo s^ -\—fr^, where s^ is the energy of a

particle lying in a centre of a region v. / is an unknown function,

which for r = (i. e. in F) assumes the value unity, whereas in

the regions v it must satisfy the following equations:

Sp + fy \

ƒA 7nr^ Ne x ( ) ^^^'*' ^^'"*' '^"^^' '^''n dr^ drt
vh

i
2

i
Ne X ( ) dmr dins' dmt! dr,. dvg drt ^ i

(15«)

and a corresponding formula foi- the mean value of \ fvi?; and

. ^v + f'/
\

ƒ\ ?ns''^ Ne X ( ) d'ltr dms' dmt' dr,, dr^ drt
|— ' = h^J
I

. . (156)

ƒ
f/> + ^q

Ne ^ X ( ) dmr dms' dmt' dr,, dr^ drt

and three corresponding formulae for the average values of ^ mt",

h/r/' and h frt'.

In consequence of the formulae (156) we no doubt must assume, that

X is independent of s',t',rs and ?'^. If this is so we can divide in (15a)

i m s"

the numerator and the denominator by
|

e '^ dms' and by three

corresponding integrals. We get therefore, if we add the two

equations (15a) :

mr" -f-yV/

ƒ(^ mr^ + h fr,,^) e ^^ ^{r, r„, v) dmr dr,,

vh

mr" -i-fru" ^^

- 1

(16)

I
e

" X(r, r,,, v) dmrdr,,

The integrations with respect to o should be extended between

and 00, properly speaking those with respect to r however only

between and R. If R and ƒ are sufficiently great and ^ sufficiently

small, it will be allowed to introduce also oo as superior limit for

the integration with respect to r.

If we call the denominator of the left hand member of (16) J

,

dJ
then the numerator may be represented by ^" —

. The equation may

thei'efoi'e be written in the following form:
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vh

1 dJ 6'' o

vh n vh

J dO vh vh
(17)

from which we deduce

1

CJ=— (18)
vk

Tlie value of C may be determined, because we liuow that foi'

r = the function •/ assumes the value!. Then tlie integral becomes

I / 7j vh
\/2jrmO .\X 2;t - and the right hand member C.~-. In connec-

tion with v = ~-\y^-
this yields:

2-r 7/1

C — h.')

§ 10. Application to chemical equilibrium.

We will apply these results for the dei-ivation of a formula for

the dissociation equiHbrium of a di-atomic gas. For this purpose we

will assume, that n^ free atoms are present in a unit of volume.

Each atom has a region v, whose properties are described in the

preceding paragraph. When another atom penetrates into the region

V, a di-atomic molecule is formed. According to our considerations

in the preceding paragraph we have

:

?i^ = Ne ^
. je ^ dmr dms' dmt' = Ne ^^ i^rrmOy!^ . (19)

X being unity for free space. The number of particles in one region

V amounts to

:

_ ^ /^ _ s, + '/J{ro'+r/-hr,^)

ii^.=zAe J e y{r,r^v)dmrdnis'dmt'dri.drsdri^^

-77 Oh= Ne '^ . 2 zimO . 2 .t -
ƒ vh

1

1) Properly speaking can be a function of v, and therefore we should write

for C = /i X F[y), where Y{y) is a function of v, which for v = is unity. In the

following, however, we will use the simple solution C=Ji.
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So the total number of associated molecules is

6.— 8,

,i^X>ir= n,' e ^ {2jiOyU

or

f\/7n vh

1 ~^

h

I

/ ^ __J^ (20)

y 8:i'm' vh

1
6

So we have found a genei-al formula for the dissociation of

di-atoniic molecules. I hope to discuss this formula later more fully.

At present I will ojilj- observe, that it shovv« a certain analogy

with the results of Nernst's "Warme-theorem". This analogy consists

in the circumstance, that the equilibrium-constant is determined by

8o
— e^ (i. e. tiie heat developed by the reaction at the absolute

zero of temperature) and by v, which quantity is closely connected

with the store of energy and the specific heat. Besides the mole-

cular weight occurs in the formula. The chemical volumes (i. e.

Boi.tzmann's "kritische Rilume") to which we should be inclined

to ascribe an influence on the equilibrium-constant do not occur in

the formula. The cause of this is that in equation (16) we have

extended the integrations with respect to ?' between and oo instead

of between and K. If the conditions on which we thought we
were justitied in doing so are not satisfied, then the formula would of

course have to be modified in such a way that the chemical volumes

would occur in it. In this case, however, the number of molecules

dissociating in one second would be so large, that we should be

in circumstances in which we consider the substance to be totally

dissociated. We should no longer have occasion to speak of chemical

combination, but only of grouping or quasi-association.

A difference with the considej-ations of Nernst constitutes the

circumstance that we started in the usual way from gasreactions,

whereas Nernst takes reactions in solid condition as starting-point.

Whether this is only a dilTerence of method, or whether it leads to

different results is a question which I hope to investigate on a later occasion.

I will still make one single remark in connection with equation

(20), namely that it agrees with the law of the equilibrium change.

If namely we put -^- = K, then we get

:



90

dlK I
\

1
I=— f, — f„^ (9 + U\ (21)

The expression between braces represents the thermal value of

the reaction. For in the free space the potential energy is e^ and

3
the mean kinetic energy - 6. In associated condition the potential

energy would be s^, if the particles where always in the centres of

the regions v. For the average potential energy of the deviation

from that position of equilibrium in tiie direction v^ we have found

I U and for the two components of the deviation normal to f» each

{0. For the kinetic energy we assumed in the same way ^ U-\-&.

So we get for the thermal value of the reaction

:

8, + 2<9+ U-(e, + ^(9] = 8,-8,i-~a+ U.

It is by no means snpcrtiuous to investigate whether this law is

satisfied. If e.g. we had assumed Maxwell's law for the distribution

of I' and if in connectioJi with this we had written Ce ^ dr„

for the probability of a deviation Vü in the dii-ection i> then we

should have found a formula for A' which in general would not

satisfy the hiw of the equilibrium change. Artificial additional sup-

positions would be required if we wished this law to be satisfied.

^ 11. The didrllnitlon in conjiguratloii in arbitrary fields of force.

The above considerations only refer to j)articles subjected to forces,

under the intluence of which they can execute tautochronic harmonic

vibrations. About the question what the formula for the distribution

of particles in arbitrary fields of forces will look like, I should not

venture to express so much as a supposition, except of course in

those cases in which Boltzmann's original formula is a sufficient

approximation. I will only express the following surmise.

For quasi-elastic forces the energy of the particles is governed by

the quantity r, which in its turn is again determined by the quantity/.

The conclusion now naturally suggests itself that for an arbitrary

clF
tield of forces the quantity — {F =^ the force that acts on a particle)

dx

will be decisive for the energy of the particles. This supposition

comes to this, that we assume that the particles, when they get into

a very inhomogeneous field of forces, in consequence of this are

subjected to changes in properties (shape, mass etc.), which changes

are not governed by the laws of classical mechanics, and give rise

to th3 deviations from the equipartition law.
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Chemistry. — ''On the reduction of aromatic Ketones". By

Prof. J. BOeseken and W. D. Cohen. (Coiiinuiiiicated by Prof.

A. F. Holleman).

1. This research originated in the observation by one of ns that

in the reduction of benzophenone by ahmiinium amalgam in 80 %
alcohol, therefore in a neutral medium, are formed considerable

quantities of benzopinacone in addition to benzhydrole. As according

to statements in the literature which are SLi[)ported by our own
observations, benzophenone may be quantitatively converted into

benzhydrole by zinc dust in a faintly alkaline alcoholic solution,

whereas reduction in an acid solution causes the formatioji of pina-

cone^) (or of the pinacoline secondarily resulting there from) it struck

us that a systematic i-esearch as to the progressive change of this

reduction would not be devoid of interest.

In the reduction of benzophenone may. be formed, besides alcohol

and pinacone, also diphenylmethane. Klages and Allendokf") have

even succeeded in obtaining a quantitative yield of this hydrocarbon

by means of sodium and ethyl alcohol. Evidently this total reduction

takes place owing to a powerful aclion in a concentrated alkaline

medium. Presumably, stress nnist be laid here on the nature of Ihe

reduction agent because on usijig zinc dust in a strongly alcaline

alcoholic solution benzhydrole is formed almost exclusively, whereas

on using aluminiun) amalgam diphenylmethane may be detected.

Working according to Montagne's ^) directions with zinc dust we

have obtained from 25 grams of benzoi)henone 25 grams of crude

hydrole which was practically odourless consequently free from

di))henylmetliane.

With magnesium amalgam (obtained by heating 2 grams of Mg
with 200 grams of Hg) was obtained, in absolute alcohol solution,

mainly benzhydrole besides a little dii)henylmethane, but no pinacone.

As magnesium and aluminium stand nearer to sodium than zinc,

this result is not astonishing.

In order not to complicate the reaction too much we have tried

to avoid the formation of diphenylmethane as much as possible.

As reduction agents we have chosen : zinc dust and aluminium,

the latter in the form of amalgam in so far as it concerned the

reduction in a neutral or acid medium.

Again, when using the latter metal we have avoided a too power-

1) LiNNEMANN Anil 133, 6.

3) Berichte 31. (1898).

3) Recueil 25, ^02 (1906).
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fully acid ur alkaline reaction, because diphenylmethane is then also

formed.

As solvent we selected in all cases a liquid containing 80 7o

ethyl alcohol to which the acid, alkali, etc. was eventually added.

In 80 7o alcohol benzophenone is practically insoluble whilst the

hydrole is readily soluble therein, so that the determination of the

two substances in a mixture is a simple matter.

Solubility of pinacone : Shaken in a thermostat for one day at 25°.

In supersaturated solution 100 cc. retained 0.124 gram.

,, unsaturated ,, ,, ,, dissolved 0.110 „

The solubility of benzhydrole = d= 35 grams.

We have also ascertained that the solubility of jjinacone is not

appreciably influenced by quantities of hydrole uj) to 5 grams.

The modus operandi was very simple. Quantities of 5 grams of

benzophenone were boiled for some time in a reflux apparatus, with

the requisite amounts of the reduction agent, in 50 cc. of 80 7o

alcohol; the solution was filtered hot, the residue was extracted with

small quantities of boiling 807o alcohol, the filtrate made up to

100 cc. and then shaken at 25° for one day.

In 50 cc. of the solution the hydrole was determined by evaporation.

The residue was t.ested as to its purity by the determination of its

odour, melting point, and crystal-habit.

This evaporation was always carried out in the same manner, for

the hydrole is somewhat volatile; for instance, if the evaporation

lasts 50 minutes, 12 mg. of benzhydrole get lost.

For this loss a correction was made as well as for the pinacone

eventually present.

2. Reduction in a neutral medium.

This was only possible with aluminium amalgam. This was

prepared by shaking aluminium grit with 17o HgCl2 solution for

15 minutes at the ordinary temperature, filtering off rapidly and

washing with 96 7o alkohol. It was then at once used for the

reduction in the proportion of 10 grams of the aluminium to 5 grams

of benzophenone.

The following figures were obtained: (see table page 93).

Hence, the result shows that the proportion in which hydrole

and pinacone are formed is constant, namely 68 7o '• 327o. indepen-

dent of the time of the reduction.

Pinacone once formed is not reduced any further in a neutral

solution within seven hours, so it cannot be considered as an inter-

mediate product.



1 uur

2 „

3 „

4 „

^ „

7 ..

Benzhydrole
formed Remarks

3.37 gr.

3.45 „

3.41 „

3.4 „

3.2 „

3.3 „

3.4 ..

The residue on evaporation was
odourless and melted at 68° hence
contained no benzophenone and diphe-
nylmethane.
The insoluble part contained 1.55

grams of pinacone.

Preliminary experiments, where the
solution after boiling was left for 24
hours. After filtering, the residue was
washed with cold alcohol.

The insoluble part contained 1.6

grams of pinacone.

3. Reduction in a faintly acid meditim.

A. With zinc dust.

After it had been ascertained that no appreciable cliange had

taken place on boiling benzophenone with 80 7o alcohol and zinc

dust for 6 hours, the operation was repeated in a current of carbon
dio.vide.

After boiling 10 and 12 hours 4.19 and 4.00 grams of residue

were obtained on evaporation ; this however, melted just below 48°

and had the usual properties of benzophenone. The I'emaining of

the 5 grams was benz pinacone.

On again subjecting the residue a few times to the same process

(in order to concentrate hydrole formed eventually) the quantity

became less, namely 2.9 and 1 gram, but it remained benzophenone.

The quantity of the product insoluble in 80"/^ alcohol increased,

it was pinacone, but not very pure.

With zinc dust in a very faintly acid medium the reaction there-

fore proceeds very slowly and with exclusive formation of pinacone.

This same result was also obtained when instead of carbon dioxide

ammonium chloride was taken. 10 grams of zinc, 3 grams of NHX'l
and 50 cc. of 80% alcohol weie chosen for 5 grams of benzophejione.

The operation here had to be modified somewhat because the

residue on evaporation contained zinc and nitrogen; it was boiled

with hydrochloric acid (1 part of acid 1.19 — 1 part of water),

washed and dried.

After boiling for 372, 6 and 12 hours we obtained as a purified

residue: 2,22, 1.87, and 0.99 gram of a sul)stancc melting below 48°

and having a strong odour of benzophenone.

The insoluble part was a not very pui-e pinacone; after extraction

with benzene and evaporation it melted at 170°.
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In a somewhat stronger acid medium pinacone (pinacoliiie) was

also obtained exclusively.

. For (his was used a mixture of 807o of alcohol and 207u of

glacial acetic acid; quantities of J 5 gi-ams of zinc dust and 75 cc.

of the acid mixture were chosen for 5 grams of benzophenone.

The reaction takes phice more energeticall)- and much zinc acetate

is deposited. The liquid is therefore diluted with water and the

remaining zinc rapidly dissolved by means of dilute HCl. A solid

substance is now left which is shaken for a day with 100 cc. of

SO'Yo alcohol as directed above.

On boiling for 2 and 6 hours, respectively only 0.45 and 0.35

gram of a substance readily soluble in 807o alcohol had formed

;

its melting point was, however, situated below 25°; it did not

crystallise in the shape of felt-like needles and had the typical odour

of diphenylmethane; the residue consisted of pinacone.

Hence, the reduction proceeds in dilute acetic acid and zinc dust

much more rapidly than in a nearly neutral medium, but otherwise

in the same direction.

This result agrees with that of Zagomenni^), who obtained 927o of

pinacone in glacial acetic acid solution.

With sulphuric acid (80 cc. of 9(37, alcohol, 20 cc. of H^SO, 1—1)
exactly the same result was obtained. After boiling for 2—4 hours,

respectively there was obtained only 0.28—0.27 gram of a product

soluble in alcohol having the odour of orange j)eels and a veiy^ pale

yellow colour with a low melting point ; the part not soluble in alcohol

was, presumably, mainly pinacoline.

B. Reduction in a faintly acid medium with aluminium.

Aluminium grit was not attacked by the above acetic acid-alcohol

mixture (15 grams of Al, 75 cc. of acid mixture to 5 grams of

benzophenone). Therefore, a little HgCl2 was added which caused the

reaction to set in. After three hours' boiling the product was treated

as stated above; no hydrole could be detected, only a little of a

pale yellow product soluble in alcohol and having an odour of orange

peels, all the rest consisted of pinacone. The melting point 165° also

again pointed to formation of pinacoline. Contrary to the reduction

in a neutral solution no hydrole is formed.

4. Reduction in a faintly alkaline medium.

A. With zinc dust.

For this was chosen a mixture of 50 cc. of 96 "/„ alcohol, 25 cc.

1) B 14, 102 (1881),



of ammonia density 0.93 and 10 grams of zinc dust, which was

boiled with 5 grams of benzo})lienoiie.

After 2 and 57^ hours' boiling, rcsi)ectiveiy 4.21 —4.34 grams of

pure lij^drole were formed ; the balance consisted of pinacone, which

could be isolated by the extraction of the insoluble part with benzene.

After 2 hours 'nearly all the ammonia was boiled oft'; after 57.^

hours it had quite disappeared.

B. With aluminium amalgam.

For 5 grams of ketone were taken 40 cc, of alcohol, JO cc. of

ammonia and 10 grams of aluminium amalgam and the whole was
boiled nntil all the ammonia was expelled (3 hours). 4.81 gi'ams of

very beantiful benzhydrole and 0.21 gram of pure pinacone were

obtained.

From this we notice that the reduction is almost independent of

the metals and that the result is mainly governed by the reaction

of the medium.

5. In a stronger alkaline medium with alcoholic sodium hydroxide

not a trace of i)inacone was obtained, with zinc dust as well as

with aluminium; the product was very readily soluble in 80 7» ^1^'ohol.

During the aluminium reduction, which was particularly violent, a

product was obtained having a pale yellow colour and which Jud-

ging from the odour, contained a little diphenylmethane.

I^et us tabulate the results obtained in the subjoiued survey (also

including sodium).

Medium
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When we disregard the formation of diphenylmethane it is be-

yond all doid^t that the formation of pinacone or benzhydrole is in

the first instance dependent on the reaction of the medium.

The nature of the metal is apparently of secondary importance

and can only exert an influence in so far as it yields OH-ions.

(Magnesium, sodium).

So long as the reaction is acid, even ever so feeble, pinacone is

exclusively formed ; but no sooner do OH-ions occur than we notice

the appearance of the hydrole.

This even takes place with aluminium-amalgam in 80 7o alcohol

where we may take it for granted tiuit the liquid is practically

neutral, although the possibility is not excluded that at the boundary

layer of the metal a very small excess of OH is temporarily present.

If the excess of OH-ions is small w^e can still detect the pinacone

in the presence of hydrole, but when it becomes more considerable

pinacone is soon no longer present.

The cause of the non-occurrence of i)inacone in strongly alkaline

solutions is now very easy to explain. If we boil a solution of

pinacone with sodium ethoxide it gets converted into a mixture of

benzophenone and hydrole.

During the reduction in an alkaline medium the pinacone gene-

rated will be contiiuiously converted into the above mixture of which

the keton will be again reduced, so that finally all will have been

converted into hydrole.

Apparently the latter, in strongly alkaline liquids, becomes the

only direct reduction product.

That this, however, cannot be the case is shown from the course

of the reduction in a feebly alkaline medium where also pinacone

may be retained.

In a neutral solution much larger quantities of pinacone may be

retained and owing to the fact that they are not reduced any further

we have already come to the conclusion that pinacone cannot be

an intermediate reaction product as the following scheme might express:

2 C.H^COCeH, ^ [(C,H3),C0H], ^ 2 (C.HJ.CHOH.

In an alkaline solution, pinacone can be. incidentally, an inter-

mediate product owing to a secondary reaction :

2 C.H^COC.H, ^ [(G^HJ^COH], -^ (C.HJ.CHOH -f (C,HJ,C(), etc.

We might assume that, apart from this secondary hydrole for-

mation, a direct addition of an entire molecule of hydrogen to the

ketone takes place under the influence of the OH-iqns. Then howe-

ver it would be strange that in presence of an excess of OH-ions,
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liowever small, pinaeone was still formed and retained because now
two causes would cooperate to retard the formation of pinacone.

It appears to us as the most probable that the direct reduction

product is in all cases the half pinacone molecule which afterwards :

1. will polymerise to pinacone which remains unchanged in a

neutral solution and resolves into hydrole and ketone in an alkaline

solution ; the ketone can then again be attacked.

2. will possibly, be further reduced to hydrole and diphenyl-

methane.

We base this conception, besides on the above experiments from
which appears a predilection for the formation of pinacone, also on

observations as to the behaviour of mixtures of benzophenone and
absolute alcohols and other substances in direct sunliglit.

CiAMiciAN and Silber ^) have in this way obtained pinacone quan-

titatively from benzophenone and ethyl alcohol ; we have been able

to confirm this result witli a series of other alcohols ^). Not a trace

of hydrole is formed in these neutral liquids absolutebj free from
hydroxi/l-ions.

With benzyl alcohol and with etiier the two Italian chemists found,

besides pinacone, substances such as (CeHJ.COHCHCgHsOH and

(C6H5)3COHCHCH30C2ll5, whose formation, like that of pinacone

may be explained in the simplest manner by a primary addition of

one hydrogen-atom to the ketone-oxygen which will here be followed

immediately by an attachment of the molecular residues to the carbon

of the CO-groups.

Hence, in the above formulated assumption it has been taken for

granted that the half pinacone molecule CCgHj^COH is the sole real

intermediate product.

It is now very well possible that this, in an alkaline solution, is

straightway reduced to hydrole (2).

But it is, however, also not excluded that the polymerisation to

pinacone takes place, also in alkaline solution, with such velocity that

this latter product is formed first also in these circumstances, then to

be secondary converted into hydrole in the manner suggested above.

The two alternatives may be represented as follows

:

I (OeH3),C() -^ (C,HJ.COH^ (C«HJ.CHOH.
II(0,H3)/X)-^{C,H;),,C0H-^[(C,HJ,C0H],^(C,HJ,CH0H+(C«H,),C0.

If the latter is the case it is to be expected that the ketones which
yield pinacones that are rapidly resolved by OH-ions into a mixture

•) B 33, 291] ; 36, 1577; 43, 1586; 44, 1557.

-) This research will become the subject of a further communication.

7

Proceedings Royal Acad. Amsterdam. Vol. XVI
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of ketone and hydrole will jield on reduction in a (OH-containing)

neutral medium a slight amount of pinacone.

In order to verify this experimentally we have commenced by

reducing a sei'ies of ketones by means of aluminium amalgam in

80% alcohol.

The subjoined table gives a survey of the results concerned :

Ketone (5 grams)
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pinacone : hydrole, wliicli are dependent on tlie group introduced.

It is to be expected lliat these dilFei-ences will continue to exist

also in another medium provided this remains neutral, for instance

when we reduce with aluminium amalgam in another saturated

alcohol. This indeed proved to be the case :

Ketone
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On a change in T the liquid therefore traverses a curve in a

concentration diagram ; this is also the case with the correlated

vapour. We will call these curves the saturation and vapour saturation

curves of F -\- F' under their own vapour pressure, or also the

liquidum and the vapour curve of the four-phase equilibrium

p j^ l^' j^ Zi J^ Q, The relation between pressure and temperature

will also be represented by a curve in a P, 7^-diagrani.

In fig. 4 this P,T-curve is represented by LSDE; in fig, 1, 2

and 3 a c is the liquidum and a^c^ the vapour curve of the system

p J^ ]7" J^ L J^ Q. Point a of the curve ac therefore represents a

liquid saturated at a definite P and T with F -\- F'
;

j)oint a'

indicates the correlated vapour.

Let us represent the composition, the entropy, the volume and

the 5 of F by: n,^, 1—«—i?; % v and C,

that of F' by : a/ 3', 1—«'—,?', n' v' and ?'

that of the liquid by : .r, y. 1—-f—?/, H, V ami Z
that of the vapour by: .Tj, //i,

1

—

x^—y^, //,, V^ and Z^.

The conditions of equilibrium then are:

()Z dZ ^
z-{.v

«)-r -C'/-^)'A =^^

dZ dZ
Z-(,v-a'y^-{y-^')—=^'

Oil' oy
) (1)

dZ^ dZ, ^

dZ_ dZ, dZ_dZ^

d.v d.v^ dy dy.

Hence, we have five relations between the six variables

X, y, .%\, ?/i, P, and P, so that we can consider the vapour pressure

of the system and the composition of L and G as functions of the

temperature as stated above. If we differentiate the equations (1)

and eliminate clc^ and dy^ we obtain :

[{x-a) r + {y -/i) s] civ + [{.v-ft) x + (y—i^) t] dy = AdP-BdT (2)

\{x—i^) r + {y -iï) xj d.v + [(a--«') .s + 0/—/3') t] dy = A'dP-B'dT (3)

\{cc,-x) r -{- {y,-y) s\d,v + [{.v,-,v) s + {y,-y) t] dy = CdF-DdT (4)

A, B, C and D have herein the values indicated in communication

II; A' and B' are found from A and B by substituting in the

latter u, j:?, v and i], by n', ii', v' and >/. If we eliminate dx^w&dy

from (2), (3) and (4) we get:

dP n 1] + n' ?/ + m H + m^ H
dT n V -\- rt! v' -\- m V -\- 7n^ V^

(5)



101

In this:

v' — [|i (a-,— A') + « (»/—^i) + •'• //i— -''•i .'/J ^
^

.g.

'" = L-^-: (i?'-i?) + .'/i
(«-«') + «' /^—

«

in ^
'

in wliicli A is an arbitrary factor. The signiticanoc (hereof is as

follows: In each fourphase ecjiiilibrium F -{-
F'

-\- L -\- G a reaction

can always take place, which we represent by :

11 quant. F -\- n' qiiant. F' -\- i)i quant. L -\- m^ quant. G = (7)

It is evident that the four reaction coefficients in (7) cannot have

the same sign. With the aid of the known compositions of the four

phases we find from (7) that n, u', vi and 7/i, have the values given

in (6). The numerator of (5) therefore represents the change in

entropy, the denominator the change in volume occurring in reaction

(7). If we call the heat to be supplied or withdrawu in this reaction

A IF and the change occurring in volume A I^, then (5) changes into

the well-known relation

:

d^P AW
T—= (8)
dT LV ^ ^

which, of course, we might have deduced in a dilFcrent manner.

Before applying this formula we will first investigate more closely

the liquid um and the vapoui- curve and the reactions which can

appear in the system F -\- F' -{- L -\- G.

Let us first consider the point of intersection S of the liquidum

curve ac (^fig. 1, 2 and 3) with the line FF' ; the vapour a]iper-

taining to this liquid S is indicated by 6\. As the three points F,

F' , and *S of this four-phase equilibrium F -\- F' -\- liquid S -\- vapour

aSj are situated on a straight line, a reaction occurs in which the

vapour does not take part. According to the situation of the three

points F, F' , and aS in regard to each other this reaction will be

F-\-F':^L or F':^F-\-L or F:^F' -\- L.

If the three points are situated as in fig. 1 or 2, the reaction is

F -\-
F'

"^ L ; the liquid S is then formed by the joint fusion of the

compounds F and F' , so thitt the point S is a point of the melting

point line of the complex F -\- F' . As this li(|uid, however, can be

also in equilibrium with a vapour 6'i, the point >S is the minimum
melting point of the complex F -\- F'

.

If the three points are situated as in fig. 3 the reaction F'^F-\-L
occurs ; the point >S is then the incongruent minimum melting point

of the complex F-{- F'.
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In the point of intersection /), of the vapour line a^c^ with the

line FF' the correlated liquid has tlie composition D. As of this

four-phase equilibrium 7'' -|-
i»^'

-|- liquid />-{- vapour Z^i the three

phases F,F' and Z), are situated on a straight line, a reaction occurs

in which the liquid takes no part. According to the situation of

the three points F, F' and D^, in regard to each other this reaction

is : F-^ F' ^ (r (fig. 1) or F':^F ^ G (fig. 2) or F-^ F -\-

G

(fig. 3).

The poiiit /)j is, therefore a point of the congruent or incongruent

sublimation curve of the complex F -\- F' . As, however, this vapour

Z)i may also be in equilibrium with a liquid D, the point D^ is

the maximum sublimation point of the complex F -\- F'

.

Hence, we find : the point of intersection S of the line FF' with

the liquidum curve of the four-phase equilibrium F -\- F' -\- L -\- G
represents the minimum melting point (congruent or incongruent)

;

the point of intersection D^ of this line with the vapour curve of

this four-phase equilibrium represents the maximum sublimation point

(congruent or incongruentj of the complex F -\- F'

.

Let us now ascertain which reaction can occur in the four-phase

equilibrium F -\- F' -\- L -\- G if Uie liquid is represented bj a point

in the proximity of -S. We will call that side of the line i^i^^', where

the vapour S^ conjugated with the liquid S is found, the vapour

side, the other side oï FF' the liquidum side. We distinguish three cases.

1. In the point S the i-eaction F -\-
F'

"^ L takes place. We
imagine in fig. 1 or 2, on the part of the liquidum curve situated

at the vapour side of FF' , a liquid L in the vicinity of the point

S ; the correlated vapour (r will then be represented by a point of

the vapour curve situated in the vicinity of >SV As the point Z now
lies within the triangle FF'G the reaction F -\-

F'
-\- G :^ L will

occur. If we take a liquid L situated in the vicinity of S at the

liquidum side of FF', the lines FF' and LG then intersect each

other in a point between F and F' and also situated between L
and G so that the reaction F -\- F' "^ L -\- G takes place.

It is evident that this goes on independently of the situation of

the point D,.

2. In the point S the reaction F' "^ F -\- L occurs. If we take

in fig. 3 a liquid L in the vicinity of S and at the vapour side of

the line FF' , and a vapour G in the vicinity of >S'i, the lines FL
and F' G will intersect each other so that the reaction F' {- G ^ F -\- L
occurs. If we take a liquid L in the vicinity of -S at the liquidum

side of the line FF' , F' then lies within the triangle i^XG^ and so the

reaction F' "^ F -}- L -j- G takes place.
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3. In the point -S" the reaction F^ F' -j- L occnrs. In tlie previous

reactions F and F^' shonld then, however, be exchanged.

We can allow the liquid of the four-phase equilibrium F-\-F' -\-L-\-G

to traverse tiie li([uiduni curve from a to c ; the vapour then traverses

the vapour curve from a^ to c^. We will call this direction, where

the equilibrium arrives first in the minimum melting point and then

in the maximum sublimation point of the complex F -{- F' , tiie

positive direction.

We now allow the equilibrium to move over a short distance

from the one side of the minimum melting point towards the other.

At the one side, as noticed above, a four-phase i-eaction takes place

different to that at the other side ; in the minimum melting point

itself both reactions coincide and the va[)Our does not participate in

the reaction. Hence, in this moving we obtain a succession of

three reaction types which we will call a reaction series.

Fig. 1. Fig. 2.

"'^.

Fig. 3.

We now may summarise the previous results in the following

manner ; if a four-phase complex F -\- F" -\- L -\- G moves in a

positive direction through the minimum melting point of the complex

p _[_ p there occurs the reaction series

:

Fj^F' -\-G-^L F-\-F':^L F-^F':^L^G
ov F' -\-G:^F-}-L F':^F-]-L F':^F^L-^G
or F-\-GTir -\-L F:^F'-\-L F :^ F' -\- L -\-

G



104

which we will call A, B, and C, respective)'. It is evident that

this only applies so long as the fonr-phase equilibrinm is found in

the vicinity of the niinimum melting point.

If we ascertain what reactions can occur in the four-phase equili-

brium F -\- F' -\- L -\- G when the vapour is represented by a point

in the vicinity of D^ we find in an .analogous manner as above:

if a foLirphase equilibrium F -\- F' -\- L ^ (t moves in a positive

direction through the maximum sublimation point of the complex

F -\- F' the following reaction series appears:

^j^F':;tL-{- G F-\-F':^G F+F' -\- L:^G
or F':^F-]- L-i- G F':^F-^G F' -^ L-^F-^G
ov F:^F -^L^G F^F'-^G F+L:^F ^G

which we will call A^, B^, and C^ respectively. We notice that the

last reaction of series A, B and C agrees with the first reaction of

series A^, B^ and CV
The above reaction series, as has been already stated, are only

valid so long as the four-phase equilibrium is present in the vici-

nity of the minimum melting point or the maximum sublimation

point; at a greater distance other reactions may occur besides the

above mentioned ones. We will explain this with a single example

and choose therefore fig. 1. If the system is found in the maximum subli-

mation point, hence the liquid in Z) and the vapour in i)^, the reaction

F -\-
F'

"^ G takes place. If now the system moves in a positive

direction, hence the liquid from I) towards c and the vapour from

Di towards c^, G gets within the triangle T^i^'L causing the reaction

JP j^ JP' -i^ L -^ G to take place. (Also see reaction series A^).

If now the system moves further in a positive direction, the point

G can arrive outside the triangle FF'L; this, for instance, is the

case with the system F -\- F' -\- Lc -\- Gc^ .

The reaction F^ F' -\- L:^G then becomes F' -\- L:^F-\-G;

by way of transition the three-phase reaction : F' -\- L'^G occurs.

This is the case at the moment that the conjugation line liquid-

vapour j)asses through the point F'

.

If the four-phase equilibrium moves still further in a positive

direction, the point L can arrive within the triangle FF'G; the

reaction L "^ F -\- F' -\- G then takes place. By way of transition,

at the moment that the conjugation line liquid-vapour passes through

the point F, the three-phase reaction L"^ F -{- G appears.

On moving the four-phase equilibrium in a positive direction we

thus get first the reaction series A and A^ followed by the reactions:

F' ^L:;tG;F'-{-L:^F+G;L:;ï:F^G and L^F-{-F'-^G.
This latter reaction is the same as the first reaction in series A,
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From all this it follows Ihal in (lie system F -\-
F'

-\- L -{- G
many reactions are possible as a rule; in (he vieiuity of the minimum
melting point, however, always one of the reaction series A, B oi'

C occurs and iji (he vicinity of llie maximum sublimation point

one of the series .l^, i>\ or 6\.

Let us now consider the four points F, F' , S and D^ situated

on a straight line. In fig. 1 tliese lie in the order FSD^F' or in

the reverse order F'B.SF ; in fig. 2 the order is FSF'D, or D.F'SF,
in tig. 3 it is D.FF'S or SF'FD,.

In all, we can distinguish 24 cases; as, however, each succession

from the right to tlie left corresponds with a succession from the

left to the riglit, there are only twelve types. If we replace the

point S of the liquidum curve by L and the point i)i of the vapour

curve by (t we find :

FF'LG, FF'GL, F'FLG, F'FGL, FLGF',
FGLF', FLF'G. FGF L, FLFG, F'GFL,
LFF'G end LF'FG.

We now allow the four-phase equilibrium to move in a positive

direction staiting from a point just before the minimum melting-

point, to a ])oint just behind the maximum sublimation point.

To this movement belongs a definite reaction series which however,

is dependent on the situation of the points F, F', S and D^, in

regard to each other, so that to each type belongs a definite reaction

series. Each of these series commences of course, with one of the

series A, B or C and terminates with one of the series /Ij, ^j or C'l,

From a consideration of the difterent cases we can deduce the

following table in which the different types and their correlated

reaction series are united.

Type

:

Reaction series

:

1) FLGF' A; A,

2) FGLF' A; A,

3) FF'LG B; B,

4) FF'GL B-B,

5) F'FLG 6; 6,

6) F'FGL C; C,

7j FLF'G A; F':^L^ G; B,

8) F'LFG A; F:^L + G; C,

9) FG'FL B; F':^L-\- G; A,

10) F'GFL C; L:^L-^G; A,

11

)

LF'FG B; F':^L -f G-, F + F' -^L^G- F:^L-^ G- 6\

n) LFF'G C;F:^L-^G; F -^ F' :^ L -{- G-, F'-^L^G;B,
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The last reaction of .4 being the same as the tirst of .^i, the

reaction series AA^ consists of tive reactions, two of which are

three-phased. The same applies to the series i>/>\ and CC^. In the

cases marked 7—10 each series consists of seven reactions of which

three are three-phased; in the cases marked 10—12 each series

consists of nine reactions, four of which are three-phased.

From the above table we also notice that if the liquidum point

L and the vapour point G appear in direct succession (type 1— 6)

the reaction series consists of 5 reactions; if the points L and G
are separated from each other by a solid phase the reaction series

consists of 7 reactions (type 7—JO) and if L and G are separated

from each other by both solid phases (type 11—12) it consists of

9 reactions.

The reaction series appertaining»; to a definite type may be readily

deduced ft-oni a diagram in which the points F, F', S and D^ are

situated according to that assumed type. In fig. 1 they lie accord-

ing to type 1 or FLGF', in fig. 2 according to type 7 or FLF'G,

in fig. 3 according to type 11 or GFF'L. We now allow the four-

phase equilibrium in these figures to move in a positive direction,

starting from a point just before the mininium melting point, to a

point just behind the maximum sublimation point. The liquid then

traverses curve a c from a point close to S and situated between

S and a to a point close to D and situated between D and c. The

vapour then traverses curve a^c^ from a point situated close to S^

and situated between >S'i and a^ to a point close to D^ and situated

between D^ and Cj,

If now we consider the situation of the four points F, F, L and G
in regard to each other and the changes occurring in this system

owing to the moving of the system, we notice that in fig. 1 occurs

the reaction series 1 or AA^ in fig. 2 the reaction series 7 and in

fig. 3 the reaction series 11.

The three-phase reactions F'^L -\- G ov F' "^L -\- G, which we

find in the series 7—12 can only appear in exceptional circumstances;

we shall see later that in this case the four-phase curve of the com-

plex F 4" F' comes into contact with the three-phase curve of the

compound F or F'

.

We wdl now consider more closely the P,2^-curve of the four-

phase equilibrium F+ F' -\- L -\- G and for this take the relation

dP A W
T—= .

(IT LV
As noticed previously this curve meets in the minimum melting
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point S the molting- [)oiiit curve Sd", and in llie nuixininin snbli-

nuilion [)oint D (he snblinialion cnrve a"D of Ihe complex /'' + F'.

These curves are indicated in tig. 4 by the same letters.

If the system F -{- F' -\- /> -j- G is found in (he minimum melting

point S the reaction

:

F+F':^L or F'-^F^L or F:^ F' -\-

L

takes place (Series A, B or 6')- We always take these and the

following reactions in the direction from the left to the right. As

we always assume that in these reactions heat must l)e supplied

for the formation of liquid from the solid substance, A W for each

of these reactions is positive.

During the fusion or transformation the volume may, however,

increase as well as decrease; AV can, therefore, be positive as

well as negative. Here, we will call A F positive so that in agreement

with fig. 4, ~y^ is positive in the point >S' in case ot the tour-phase

curve as well as of the melting point line Sd"

.

We now consider the e(iuilibriuni F -\- F' -\- L -\- (r in a point

X (not drawn in the figure) on branch J^S in (he immediate vicinity

of the point S. The equilibrium has thus been shifted in the negative

direction. From the reaction series A, B, and C it follows that the

reaction

i/_|_iy^'_|- (-^L or F' J^ G:^F-\- L or F^ G:^ F ^ L

now occurs. These diiFer from the previous three-phase reactions

only in so far that in the first term oidy the vapour pliase has

been inlroduced. So long as the [)oint .Y lies very close to S, only

a very little quantity of vapour will take part in the reaction

:

LW and A F are, therefore, botii still positive.

If, however X gets removed from S still further in the negative
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direction, the quantity of vapour taking part in the reaction becomes

greater. Now, at the same P and T, a substance has in the gaseous

condition a much larger volume than in the liquid or solid state
;

at a definite position of .Y the small increase in volume that occurs

at the formation of liquid will be just compensated by the conden-

sation of the vapour taking i)art in the reaction. Let this be the

case in the point zY of fig. 4. In this point N, therefore, A F=
so that the tangent stands vertically. The point A', thus traverses a

curve as SN in fig. 4 on which the pressure increases w^ith a rising

temperature.

If the point .Y moves further in the negative direction A F becomes

negative; A IF, however, is still {positive. Hence, the point X traverses

a curve like NM in fig. 4 on which the pressure increases with a

falling' temperature.

When, however, the point A' moves away further from N, the

quantity of vapour taking part in the reaction accordingly increases. The

quantity of heat generated at the condensation of this vapour will,

therefore, also increase. This, in a definite point M will now just

compensate the heat required for the formation of liquid so that

AW becomes — 0. In the point M the tangent is therefore

horizontal.

On further moving the point A^ in the negative direction A W
becomes negative ; A W and A V now being both negative the point

A^ will traverse a curve like ML in fig. 4 on which with a falling

temperature the pressure decreases likewise.

We now allow the point A' to move away from S as far as just

past the point D (fig. 4). The three-phase reaction :

F^F':^L or F':^F-\-L or F:^ F' -\-L

occurring in the point S then appears in one of the reactions:

F-{-F' -^L:^G or F' -^ L:^F-\-G or F-^L:^F'+G.
This transition takes place according to one of the reaction series

1—12 and depends on the situation of the points F, F' , L and G
in regard to each other. As in each of these reactions A 11^ and A F
are positive the point A' will traverse a curve S D R on which the

pressure diminishes with a falling temperature.

If the point X moves away further in a positive direction, other

reactions may again take place as we have already demonstrated

by a single example ; hence exists the possibility that the curve BR
in its further progress changes its direction. We will refer to this

later. Froui the above considerations follows : on moving in a

positive direction the fourphase equilibrium F -\- F' -\- L -{- G attains
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successivelj a pressure and a temperature niaximuin, the minimum
melting- and the maximum sublimation point.

We have assumed in the above considerations that, in the three-

phase reaction appearing in the point *S', the volume increases. If

the volume decreases, the point ;S ai-rives on the branch il/iV of

the four-phase curve and the melting })oint line Sd" proceeds from

S towards lower temperatures.

We ha\e noticed above that Ihe four-phase equilibrium

F -\- F' -\- L -]- G is represented in fig. 4 by jtoints of the curve

LSDR. On supply or withdrawal of heat or on change in volume

one of the four three-phase equilibria:

F-{- F' + L, F^ F' -f U, F^ L + G or F -f L + 6r'

is formed from this equilibrium.

The question now arises: by which points of the /*, 7^-diagram

are these equilibria represented.

Let us take at the temperature T, and the ju-essnre Pr a corre-

lated point X of the curve LSDR. As we have already stated, to

such a point applies the rule that we find :

to the right of x the three-phase sj'stems formed from the four-phase

system F -{- F' -\- L -\- G on supply of heat {LWyO), to the left

of X those formed on withdrawal of heat (A]F<[0), above ,i' those

formed with decrease in volume (A f' <^0) and below .i' those formed

with increase in volume (AT^^O).

Here, the supply or withdrawal of heat must take place at the constant

pressure Px and the change in volume at the constant temperature Tx-

In order to apply the above rule we must, of course, know the

reaction to take place in the point x. Let ns take as an example a

four-phase complex belonging to type 1 so that the reaction series

A and A^ appear.

Let us first take the point x on the branch LM (fig. 4). From

series A it follows that in this point the reaction F -{- F' -{- G"^ L
takes place; further we have noticed that in this reaction A]" and

A W are negative in the point x (in the direction from the left

to the right). We now easily find which three-phase equilibria are

situated to the right or to the left of x and which above or below

that point. As this applies to all points of the branch LM we find :

at the right of and below branch LM exists the system i'^-J-
7^^'

-|-6r;

at the left of and above this branch exist the three other systems :

f 4. F' + L. F -f /> + 6' and F' -f L + G.

If we take tlie point x on branch MN (fig. 4) the reaction will

sMll be F -\- F' -\- Gt^L, but AH" is positive and A F negative.

We now find : at the left of and below branch MN exists the sys-
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tern F -\~ F' -\- G, at the riglit of and above this branch exist tlie

three other systems.

If the point x is situated on the branch NS the reaction will still

be the same, but A W and A V are both positive. Hence, we find

the system F -\- F' -\- (t at the left of and above branch NS, the

three other systems at the right of and below this branch.

If the })oint ,r gets on the branch SI) a quite different reaction,

namely F -\-
F'

"^ L -^ G takes place; in this reactton A I^ and

A IF are both positive. From this we deduce : at the left of and above

brauch DS we find the systems i^'+ 7'^'
-f /> and 7^'+ F' + 6-'

;

at the right of and below this branch we find the two other systems.

If the {)oint x gets on the brauch DR the reaction again changes

and becomes F -\- F' -\- Lt^G (see the last reaction of series A^) ;

AV and LW are both positive. From this we deduce: at the left

of and above brauch DR we find the system F -\- F' -{- L, at the

right of and below this brauch the three other systems.

Above we have deduced the situation of the four three-phase

systems in regard to the curve LSDR in the assumption that the

four-phase equilibrium lielongs to type 1 -. if, however, the system

appertains to one of the other lypes 2—12 the situation may be

found in the same manner.

When the four-phase equilibrium traverses the curve LSDR
(fig. 4) one of the following three-phase reactions will occur in

definite points.

a)F-^F':^L F':^F^L
;
F-^F'-^L

h)F^G':^G ;
F':^F-^G ; F:^F'-^G

c)F:^L^G ;
F ^ L:^G F^Gt;L

il)F':^L-^G ;
F'^L:^G ; F'-{-(;-;tL.

In each of the reaction series 1—6 are found two of these three-

phase reactions ; in each of the series 7—10 three, and in each of

the series 11—12 four of the same. The last two of the group c

and (I can only take place wdien the four-phase equilibi'ium moves

away further from the point >,S or from F).

Previously we already found :

If in the four-phase equilil»rium a reacfion of group a takes place

it finds itself in the miniuium melting or conversion meltings point

of the complex F -\- F'
; in a 7^, 7 -diagram the four-phase curve

then meets the meliing point curve or the conversion curve of the

complex F+ F' (Point /S in fig. 4).

If in the four-phase equilibrium appears a reaction of group h it

finds itself in the maximum sublimation or conversion subhmation



Ill

point of the complex F -\- F' ; in n /^ 7 -diagram the foiir-pliase

ciii've then meets the ynblinialion cni-vc of the coni|)lex F -\-
F'

(Point D in fig. 4).

Further we liave:

If in the four-piiase oquilibi-inni oocnrs a roaclion of gronp r (or ^/)

the four-phase curve meets in a l\ 7-(Magram the three-phase or

bouiKJary curve of F (or F').

We may readily deduce this last properly in llie following maimer.

Suppose in a point ,v. a[)pertaining to the temperature Tr and the

pressure Pj of the four-phase curve there occurs a thi-ee-phase reac-

tion of group c. If now we remove from the ecpiilibrium F-\-F' -\-L-\-(r

the compound F' we retain in the point .?; the three-phase equilibrium

F -\- L -[- G. As according to our assumption a reaction of group c

occurs between these three phases, they have such a composition

that between them a phase reaction is possible. Now, as we have

noticed previously, such an equilibrium F -\- L -\- G is represejited

in a P, 7^-diagram by a curve that we haxe called the three-phase

or boundary curve of F {KF in fig. 3 (III); inKFM in fig. 4 (IV).

From this it follows that the boundary curve of the compound F
passes through the point .r of the four-phase curve.

dP A W
As the direction of both curves is determined bv T— =

^ JT A V
and as in the point ,?; A W and A V are the same for both curves,

these curves must meet in the point x.

We may summarise the previous considerations as follows: if in

a point .1' of a four-phase curve occurs a three-phase reaction the

four-phase curve in the 7^7^-diagram comes into contact with a

three-phase curve appertaining to that reaction. To a reaction of

group a appertains the melting j^oint curxe, to one of group b the

sublimation curve of the complex F -^ F' ; to one of c the boundary

curve of F and to one of d the boundary curve of F'

.

From the reaction series 1—12 it appears that in each four-[)hase

equilibrium occurs one reaction of group a and one of group b.

In harmony with our previous considerations it follows that eacli

four-phase curve meets the melting-point curve and the sublimation

curve of F -\- F' , If now in a four-phase system occurs one of the

series 7—10 the four-phase curve meets the boundary curve of F
(series 8 and 10) or of F' (series 7 and 9); if one of the series J 1 or

12 appears, it meets the two boundary curves. These points of

contact lie between the minimum melting and the maximum subli-

mation point of the curves coming into contact with each other.

If one of the reaction series 1— (3 occurs the (uirves KF, K'F'



li'i

and SD will be situated in regard to each other as in fig. 1 (VII);

if series 7 or 9 appears K'F' meets the curve Z)>S; if 8 or 10 occurs

KF meets BS and if Jl or 12 appears K'F' as well as KF meeAs

that curve.

As a rule tlie case drawn in fig. 1 (Vll) and corresponding with

series 1—6 is the one likely to occur. If, however, the minimum

melting or the maximum sublimation point of the complex F -\-
F'

is situated but a xery little lower, or somewhat higher, than the

same points of one or of both compounds separately, KF or K'F'

or both will then lie in the vicinity of Z>6' and contact may take place.

We now imagine drawn in the tigs. 1, 2, or 3 the sti-aight lines

ciF ajid aF' ; the first may be considered as being part of a recti-

linear solution path of F, the second as a part of such a path of

F' under its own vapour pressure. We have noticed previously

(communication IV) that the P, 7'-curves of these paths meet the

melting point line of the com|)Ound in the minimum melting point.

We now imagine drawn, as in tig. 1 (Vllj, the melting point lines

Fd and Fd' in fig. 4 also.

We now^ take on the four-phase curve LSDU of tig. 4 a point

corresponding with point a of fig. 1—3 which we will also call a.

From this point a the two /*, 7-curves of the solution paths of F
and F' then proceed; the one meets the melting point line of F,

the other that of F' in the minimum melting point.

It is now evident that from each arbitrary point X of the curve

LSDR in fig. 4 proceed two solution paths of which the one

meets the melting point line of F and the other the melting point

line of F' ; in fig. 1 (VIIj are drawn only the two paths proceeding

from the point S.

The paths proceeding from an arbitrary point .Y of the four-phase

curve generally intersect this curve in A^ Contact takes place if in

the point A' occurs a reaction of group c or d ; in the first case

the solution path of F, in the second case that of F' meets the

four-phase curve in the point A.

We have seen previously (communication IV) : if in a point X
of a solution path of i^ a reaction is possible between the three

phases it comes into contact in the point A^ with the boundary

curve of F. Previously we have deduced also: if in the point A' of a

four-phase curve occurs a reaction of group c it meets in the point

X the boundary curve of F. From this now follows: if in a point

A' of a four-phase curve occurs a reaction of group c, the four-

phase curve, the boundary curve of F and the solution path of F
come into contact with each other in the point A'.
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This may be also shown in the following manner. The direction

of the solntion ' path of /'' is determined by 5 (IV), that of the

boundary curve by 16 (IV) and that of the four-phase curve by 8.

If now between the phases occurs a reaction of group c we get:

u—^ _yi—y_yx—?
X— a .t',

—

X A'
J—

«

From this relation follows

:

M .V—a

N a;
J

—

tV

so that 5 (IV) passes into 16 (IV).

With the aid of the above relation we readily find from (2) and

(3) the formula 16 (VI), with which the above mentioned [)roperty

is indicated.

{To be continued).

Physics. — "Further experiments with liquid heliiun. H. On the

galvanic resistance of pure metals etc. VII. The potential

dijference necessary for an electrical current through mercury

beloio 4°. 19 K." By Prof. H. Kamerlingh Onnes. (Continued.)

§ 11. Local nature of the loss of heat by a mercury thread enclosed

in a glass capillary carrying a current, lohen the temperatur^e sinks

beloiv 4°.19 K. While the supposition that the thread should acci-

dentally consist of some other substance than mercury for a small

part of its length, is in contradiction to the regularity of the poten-

tial phenomena, yet on the other hand the supposition that the mer-

cury thread has a microresidual resistance similar to the ordinary

resistance in Ohm's law (therefore independent of the strength of

current, see § 4j, gives rise to no less dilficulties ^). Such a micro-

resistance proper to the mercury will be evenly distributed over the

whole thread. If we calculate from the potential differences observed

during the warming up at low temperatures and the strength of

current to which they belong, the resistance of the thread under

the conditions of the experiment, then we find that the thread, when

the threshold value of the strength of current is only very slightly

exceeded, must for a part of its length be partly heated distinctly

above the vanishing point. Let us take for example the experiments

1) Besides those mentioned in § 9, the difficulties here treated also present

themselves it we try to explain the potential phenomena by an even distribution

of additive mixlureresislance.

8

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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of Dee. 1911 in table I. We find from the threshold value of the

current at 4°.19 K., that the resistance of the thread at this tem-

perature may be put at <[ 3.10-^ £^. In the experiment at 3°.65 K.

we find that when the strength of current rises to 1 amp. the resi-

stance, 11.5.10—^i2, was already distinctly greater than when the

Avhole thread was at 4°.iy K., while the ends must still be at 3°.65 K.

The portion that comes above the vanishing point by this heating,

as it assumes ordinary resistance, need only be very small to pro-

duce the potential differences observed ; in the case in point only

0.1 mm. If we assume that the giving off of heat to the bath may

be calculated by the same data as were found for it above the

vanishing i)oint in § 7, then we find that, if the whole surface of

the thread were at the mean of the temperature of the bath and

of the vanishing point, the loss of heat })er second should be about

20000 microjoules, while in reality only 14.0 microjoules, or about

1400 ti7nes less, are given off.

We conclude from this that the rise of temperature in the thread,

which is in a bath of a temperature below the vanishing point is

only local. If there were anywhei'e else a rise of temperature

(although of a smaller amount) the thread must have ceased to give

off heat to the glass to a perceptible degree, except at certain points.

The heat could therefore only flow to the extremities or the remain-

ing points of conduction. This might be the consequence, for instance,

of the mercury having come away from the glass everywhere except

at the places indicated. But this is contradicted by the fact that in

freezing the mercury adheres to the glass, and that immediately

above the vanishing point the contact has not yet ceased. The sup-

position that everywhere where the temperature remains above the

vanishing point (and perhaps close to it) the mercury thread gives

off heat, and that it does not where the temperature is lower, is confirmed

by the way in which the resistance disappears below the vanishing

point (see Table II and fig. 7). If we determine, from the propor-

tion of the resistance remaining to that just by the vanishing point,

the length of the portion of the thread which is at the temperature

of the vanishing point, then the JouLE-heat that it must give off at

the existing strength of current corresponds more or less to that

which is to be expected at the assumed difference of temperature

of bath and vanishing point if the heat is given off to the glass over

the whole length of that portion; more or less, for there remain

unexplained and apparently systematic differences, with which

perhaps the difference of the curves for different strengths of current

in fig. 7 is connected.



In supposing, however, that tlic development of heat which

brings a part of the thread to tlie temperature of the vanishing

point is of a local nature, we give up the supposition that the

microrcsidual resistance is evenly distributed over the thread. Assu-

ming the whole of the path of the current to be of pure mercury,

there could possibly oidy be an apparent microresidual resistance,

in consequence, for instance, of the mercury not being homogeneous,

or not free from mechanical tension. These disturbances would then

be the cause of threads showing a resistance throughout, while the

pure homogeneous tension-free mercury would have an impercep-

tible microresidual resistance.

If we remember that with lead the increase of resistance by

pressure ') becomes less at low temperatures, and has almost disap-

peared at hydrogen temperatures, then it is not probable that tensions,

although they could cause PELTiER-etTects, and although their regularity

corresponds to that of the phenomena, should really play a part in

the disturbances.

It would be more natural to suppose a lack of homogeneity in

the thread, which might be the consequence of difference of the

state of crystallization. When we turn down a block of very pure

KAHLBAUM-lead on the lathe, we can sometimes see a moiré effect

on the surface, which indicates different alternating states of

crystallization, each of which extends over more than a centimetre.

In this way a thread of solid mercury might consist of a series of

differently crystaUized portions, the dividing surfaces of which would

be at the same time usually cross sections of the thread.

At a dividing surface of this kind, a local heating such as we
have treated above, might take place, at the expense of current

energy. For instance a transitional resistance might give an apparent

microresidual resistance to such a dividing surface. But the relation

between the threshold value of current density and the temperature

of the bath, points (see § 8) rather to a PELTiER-effect at this

transitional place. We should then have to imagine that when the

current density reaches the threshold value, the temperature at the

dividing surface between two states of crystallisation, even if not

high enough to occasion a thermoelectric force equal to the potential

difference observed, yet reaches the vanishing point, and that, there-

fore, by further increase of the current density ordinary resistance

must appear at this dividing surface. The length of the thread which

takes an ordinary resistance would then increase with the excess of

1) H. Kamerungh Onnes and Bengt Beckman. Gomm. No. 1326, Nov. 1912,

8*
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the development of lieat above that which produces locally the

vanishing point temperature ; it would be further determined by the

circumstances under which the excess of the heat developed would

be given off. When we compare the potential difference observed in

the different cases, there are one or two things that seem to confirm

this supposition ').

Taking all this together we are brought back to the idea that

the potential phenomena must be ascribed to "bad places" , although

in a different sense to that in '^ 9. But Ihe regularity of the pheno-

mena remains a weighty objection to this hypothesis'^). For although,

with the explanation of the local development of heat by a difference

in the states of crystallization, the difficulty disappears which in the

explanation by foreign resistances arose out of the circumstance that

the whole section must be blocked up, still the appearance of a

dividing surface between two states of crystallization is govei-ned

by chance. In any case, to come to an explanation on this principle,

we should have to assume, that there are various PELTiER-places of

the kind meant in each mercury thread of any length and that they

are not too unevenly distributed.

But in this manner we should add a new indefinite hypothesis

to the one which has to be tested and it is only by a complete

quantitative working out of a perfectly definite theory that the

question with which we are dealing can be answered : for the

answer involves some far-reaching inferences. If we might assume

that the potential phenomena in mercury-threads at a cui'rent density

exceeding' the threshold value are entirely due to disturbances then,

on account of the systematic connection of the potential phenomena,

there would be every reason to assume that we get a truer idea of

the actual degree of conductivity of the superconductive mercury,

the lower the temperature at which we determine the threshold

value of current densiry of a thread^). And as at the lowest tempe-

ratures the disturbances still have an influence, although a smaller

one, the actual conductivity would therefore have to be placed

higher, perhaps a good deal higher, than the value found in § 7,

which was already 0,5.10^" times that at the ordinary temperature,

1) Too indeiinite to be published.

2) The existence of a real microresidual resistance is also made probable by that

the ratios between the resistances for the mercury in the capillary tube and the

frozen mercury thread at 4°.25 K. seems to run parallel to the threshold values,

so that the difference of the threshold values might be ascribed to differences of

the local deviations of the cross sections from the mean.

5) In this train of thought there is no reason for not supposing that the con-

ductivity assumes its large value immediately below the vanishing point.
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in other words the conductivity of tlie super-conducting mercury

might practically be considered Infinite.

§ 12. Failure of the relations of Wiedemainn and Franz and of
LoRENZ uuth super-conductors, a. If tlie conclusion concerning the

non giving otf of heat to the glass by a mercury thread below
4°.19 K. which we discussed in § 11, were applicable, we should

arrive at a different view concerning the potential phenomena, from

that arrived at above. If the mercury has an appreciable real

micro-residual-resistance, so that heat is developed throughout the

thread, and if we need not take any account of apparent micro-

residual-resistances, the distribution of tem])erature in the part of the

wire that is below the vanishing point, is govei-ned by the ordinary

formula for the rise of temperature of a wire conveying a current

without external conduction of heat.

Let us keep as near as possible to the well known ordinary case

in order to show the nature of the phenomena that are to be

expected in the case in point, and for the sake of simplicity, as it

is principally a question of order of magnitude, let us assume that

below the vanishing point the ratio of the electric conductivity /; to that

of heat I, is given by the same formula as holds approximately above
the vanishing point, with the difference that the constant has a diffe-

rent value 10'' times smaller, so that while above the vanishing point

;

A— z=aT with a = 0,023.10-6 (watt, ohm, degree-'),

below the vanishing point

I— — a!T with a' — a.lO-\

We arrive at the low value which we ascribe to a' amongst
other things in consequence of the fact that X remains of the same
order of magnitude below the vanishing point as above it, as appears

when on the supposition that all the heat in the experiments is

developed in the middle of the thread and only flows away at the

extremities, we deduce an upper limit for the heat conductivity ^).

1) This conclusion is confirmed by preliminary determinations of the lieat-

conductivity of mercury above and below the vanishing point made by me and
Mr. G. Holst. We conclude from these that this constant does not undergo any
considerable change at the vanishing point, and the same is true for the specific

heat, which we have also investigated, however important this point may be for

the electric conduction.

[Our preliminary yet very uncertain values are: for the conductivity between
40.5—60.5 K., k = 0,25 cal. cm. sec, between 39.8—4o.2 K., k = 0.46 cal. cm,

sec, for the specific heat between 4o.2—6'^.5 K., Cp ==0.0014 and between

3 —4° K., Cp = 0.00053 (Added in translation)].
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With the assumption indicated the maximum temperature T„mx of

a thread, the extremities of which are at the temperature 2\, with

a potential difference of E volts at the extremities is determined by

-' max — -t- b — -T',
-C/ .

4a

From this formula can be seen at once that the well known
property of good conductors, that comparatively small potential

differences, when external heat conduction is excluded, produce

considerable heating, which may even lead to melting, becomes

enormously more prominent in the su})8rconducting condition.

In fact we find that at the smallest potential difference E of

0.5 microvolts, which is only a little above that which at 2°.45 K.

is first observed, such comparativel}- great heating can take place,

that even at the lowest values of Ti, T^ax rises to 4°.20 K. At

higher bath temperatures of course smaller potential differences

are sufficient to reach the vanishing point, or at the same poten-

tial difference a' can be placed lower, at 4°.18 K. for instance

a! = a. 10-5

.

With the rough estimation of a' given, and assuming that the

mercury thread where its temperature has fallen below the vanishing

point gives off no heat to the glass '), we can, therefore, without

the assumption of heating caused by local disturbances, predict

j)henoniena such as threshold value of the current density and the

differences of potential, that appear at gi-eater current densities.

At current strengths below the threshold value, the thread will

all along be in the condition of superconduction, Avithout external

heat conduction, at current densities above the threshold value this

only exists for portions below the vanishing point temperature

;

for the portion of the thread that is above the vanishing point,

the regime of ordinary conduction with loss of heat at the sur-

face comes in its place '^). In this way there can, however, be no

question of the deduction of the law of dependence of the thres-

1) This calls our attention to the question of the distribution of temperature

along a thread through which a current passes without external conduction of

heat for different laws of dependence of A, A; and T. Laws might be imagined,

which would cause the rise of temperature to run through the values from

to T"'ox— Tb practically whhin a very small length of the thread, in which case

the heating by a microresidual resistance could not be distinguished from a

heating caused by a local disturbance. For the present, however, we adhere to

the simpler supposition that the thread gives off no heat to the glass.

-) The divergence of the lines for 0,4 and 0,004 amp. in fig. 7 may also indicate

^he transition from the one regime to the other.
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hold value on the temperature, because it is determined by the

temperature function, which we liave arbitrarily assumed as constant.

a' while we have seen that in the train of reasoning followed it

might have very different values at different temperatures, from

a' = 10—5(2 to a'^rlO-'r;,. And it is very questionable if, when

the necessary data are known for working out the sketch talking

note 1 into consideration, the potential phenomena would corre-

spond quantitatively to those observed. For the supposition with

regard to the absence of external conduction of heat, upon which

the theory in this § is based, might be untrue. (Cf. § 16 (f of VIII).

It would be of great importance^) to cool by immediate contf^ct

the thread over its whole surface with liquid helium ; if the poten-

tial phenomena are to be ascribed to a real micro-residual resistance

of the mercury, then the throshokl value of the current density

could probably be raised considerably higher than was now possible.

This is too difficult with mercury. Thus for further experiments the

use of tin and lead (see § 1) was indicated, these metals being more

easily manipulated than solid mercury, and with them the conditions

of the external conduction of heat being more easily regulated^).

We shall treat of these investigations in future papers.

I?.
We ma}^ here add a few remarks concerning the supercon-

ducting condition.

The experiments described above leave no doubt that for mer-

cury below 4°.19 K. there is no question of an approximate validity

even as regards the order of magnitude of the relations established

by Wiedemann and Franz and by Lorenz. The failure of this

relation between I, k and T indicates a difference between the

super-conducting and the ordinary conducting state which may be

regarded as a characteristic difference of both.

Both according to § 11 and to § J2«, we come to a conductivity

of mercury which is say 10^" times as great, or even more, than

that at the ordinary temperature. If we assume that the numl^er of

free electrons per unit of volume at the transition from the ordinary

to the super-conducting condition undergoes no important change,

and then calculate according to the ordinary electron theory from

the conductivity the free path of the electrons, we arrive at values

which are comparable to the lengths of the mercury threads used in

') Less, when the particular circumstances mentioned in note 1 should exist.

2) The purity of both can probably not be made so high as that of mercury

so that disturbances from a trace of additive admixture resistance in the super-

conductive state do not seem impossible.
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the experiments, in tact iu-e considerabl}' larger ^). With such large

free paths there would be every reason to believe that the peculi-

arities of the movements of the electrons pointed out in § 4, which

are not consistent with Ohm's law, would begin to plaj a part

(which perhaps might resemble a PEi.TiEK-eftect such as seems to

reveal itself in the potential phenomena). It is, however, questionable

whether the whole hypothesis developed in § 4 in connection with

(Jomm. N° 119, concerning the movement of free electrons through

tl;e metal and which is also mentioned in § 10, must not be repla-

ced by an essentially different one for the super-conducting condition,

according to which the movement of the electrons is carried on by

the current for considerable distances, but each separate electron

which takes part in tiie progress, only moves one molecular distance.

To illustrate this idea we may take as an example the well

known case of the projiagation of a blow by a row of billiard

balls which just touch each other. In a super-conductor the flow

of electricity might consist in this, that an electron jumping across

onto an atom of the super-conductor from one side causes an

electron on the other side of the atom") to jump onto the next one,

etc. till finally -at the further end of the superconducting wire as

many electrons would be carried away in the direction of the

current, as were thrown in at the beginning ^).

1) Taking the free path at ordinary temperature at 10—7 cm., it becomes 10^

cm. at 2''.45 K., yet taking no account of the decrease of the number of free

electrons. We do not consider collisions of the electrons mutually, as these would

cause microresidual-resistance phenomena.

2) To express it more accurately, in the same layer of atoms taken across the

path of the current, more passes over in a given time than is sent out (or thrown

l)ack) through the same layer in the same time to the side from which the elec-

trons taken up come. We here give only the simplest possible sketch, to charac-

terise the super-conducting condition.

'^) The taking up of an electron on one side of an atom and the giving off on

the oilier side of one to another atom, would then be accompanied by a moving

up of the electrons (through or) over the surface of the atom, by which each

electron moves along a part (if the number of electrons on the surface of an atom

is large, tlien a small part) of the diameter of the atom. The connection of the

electrons of two diiferent atoms with each other and with these atoms probably

docs not differ very much from the connection between the electrons of one atom

with each other and with the atom, so that the passing of an electron from the

one atom to the other in the superconducting state would be similar to the move-

ment of the electrons in a single atom. The conductivity of the super-conductor

would thus be that of the atoms united into one continuous whole (see § 4j.

If the numerous electrons in the atom, which belong to the framework of it, in

the described process only pass on the blow from the one electron that jumps on

|0 the atom, onto the one that is given off without themselves taking part in the
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The migTatioii speed is thereby propagated tlirougli the supercon-

ductor without the perfonnauce of work '). If tlie super-conducting

metal is converted into an ordinary conducting metal by heating

above the vanishing point, (if the point is not much exceeded it

will still be strongly conducting) then, according to this hypothesis

the Ohm resistance is due to the action of the vibrators (between

the atoms) which bring the atoms to a distance from each other such

that the electrons cannot jump from one atom to another without

doing work, but in traversing the space made by the vibrators

between the atoms give off some of the energy taken up by them. ^) The
representation given of the conduction in the super-conductors seems

thus to be most easily combined with the conduction theory developed

by Lj:nard.

In my rough sketch (Comm. N°. 119} of the application of the

quanta-theory to the electron-theory of conductors,, in order to judge

movement and if the moving electrons are the valency electrons, then our hypo-

thesis, although arrived at by a different road, may be regarded as an application

to the superconducting state of the hypothesis of Stark concerning the m.ovemen t

of the framework of the valency electrons along the shearing surfaces of the metal

crystals. It thus shows the usefulness of the fundamental idea of Stark. As in the

above hypothesis this idea is supplemented by the notion of the free moving elec-

trons of the original electron theory viz. the jumping across of the electrons, the

connection with the electron theories of the ordinary conducting state, especially

with that of Lbnard, is maintained.

^) In so far as we may disregard real microresidual resistance.

-) We will not discuss whether this happens through electrons with migration

speed being taken up and electrons without migration speed being given off or by

elastic collision of the electrons against the surface of the atoms between which

they move backwards and forwards : through energy of ordered motion being

transformed into energy of unordered motion. We must remark that for the expla-

nation of the super-conducting stale the assumption that in contrast to non elastic

collision in ordinary, only elastic collision takes place in the super-conducting state

is inadequate. As Lorenz has taught us (comp. Reinganum, Heidelb. Akad. 1911,

10 p. 7) even with elastic collision the above mentioned transformation must take

place and show itself as development of heat.

By the transition from the super-conducting state to the ordinary in proportion

as the atoms begin to vibrate separately in larger numbers and room is made

for the movement of the electrons between the atoms, the mechanism develops

which leads to the approximate relations of Wiedemann and Franz and of Lorenz.

The communication of the movement of the electrons inside the atoms to each

other perhaps plays a chief part in the conduction of heath. The continuity of the

heat conduction above and below the vanishing point would then be explained by

the small change which the process undergoes when the peculiar connection

the atoms which makes super-conduction possible, is destroyed.

The change of the distance between the atoms also clearly plays a part in

change of the resistance at the melting point.
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whether the hypothesis that restistance is caused by vibrators (the

electrons otherwise moving freely through the metal with speeds in

accordance with the kinetic theory of' gases ^)) is well adapted to

deduce the change of resistance with temperature, I put the mean

free path of the free electrons inversely proportional to the mean

amplitnde of Planck's vibrators, which disturb them in their move-

ments, while this mean amplitude was calculated by the formula

which Planck at the time gave for the mean energy of the vibrators.

The way in which mean values were introduced by this (comp, the

reasonings in Wien's theory, which clearly show the deficiencies of

mine) could not allow us to expect more than a qualitative repre-

sentation. Yet, as is rather remarkable, a close agreement was

obtained with the observations between the ordinary temperature

and that of liquid hydrogen. It is more difficult to judge of the

suitability of the new hypothesis for reproducing the observations

Avith metals above the vanishing point. According to the note at

the end of Comm. N". 119 the energy of the vibrators would also

determine the increase of the volume of the metal fj-om 2^=0.

The mean distance of the surface of the atoms may thus perhaps

be taken proportional to the square of the mean amplitude calculated

according to Planck's just mentioned formula. We may perhaps

further conclude that the idea of the condition above the vanishing

point at which we arrived starting from the hypothesis concerning

the sviper-conducting state, will appear to be not unsuitable, and in

any case gives no ground for objecting to the last named hypothesis.

On both assumptions, however, the assumption that the free path

is continuously described by the same electron, and also the other

that it is broken by the movement being transferred from one

electron to another, a difficulty arises in the explanation of normal

resistance, because Planck's previous formula has been replaced by

a new one. In the discussions at the Conseil Solvay ^) (Oct. 1911) I

pointed out that according io the theory developed in Comm. N". 119,

if we introduce the new formula, and further calculate in the same

way, i.e. with only one frequency, the resistance could not fall

below a certain value determined by the "internal temperature"

1) Keesom (Verslag Akademie XXII, p. 108, Suppl. No. 30b) not yet translated

in These Proceedings) has come to theimportant conclusion, by the application

of the quanta-theory to the free electrons in a metal (considered as a monatomic

gas) that at low temperatures the velocity of the free electrons becomes independent

of the temperature, and has called this field of temperature the "Wien field".

~) La theorie du rayonnement et des quanta, Rapports et discussions de la

reunion a Bruxelles sous les auspices de M. Solvay. Paris 1912 p. 129.
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(according (o ~ = i l-ii- and /:?.' = 200° K. for silver 100° K.) mul-

tiplied by [/T, while above 7'^0 (for various metals above helium

temperatures) it seems to become practically nothing. We must

therefore adhere to the old formula ^) for calculating the amplitude,

or rather, accepting the new formula on account of the more satis-

factory- representation tliat it gives in many respects, we must assume

that the amplitude of the vibrators tliat comes into consideration for

the determination of free path and of the distance between the

atomic surfaces (the part of the patii between their old and their

new positions, upon which the electrons experience resistance in

their movement from one atom to another) ^) is only determined by

that part of the energy of the vibrators, which is dependent on the

temperature. In addition, in order to explain the existence of the

super-conducting state one would have to assume that when the

excess of the energy above the zero point energy has fallen to the

small value which corresponds to the temperature of the vanishing

point, the resistance to the motion of the electrons between the

atoms suddenly becomes zero. ")

In the reasonings of Comm. N". 119 it was assumed that all

vibrators in the metal have the same frequency. As the resistance

^t
is mainl}' determined by 6^ ^ one need only assume as the single

difference between the super-conducting condition and the normal

that the frequency of the vibrators is say four times higher in order

to find at tiie vanishing point a micro-residual resistance 10^ smaller

than the ordinary resistance at the same temperature and at 2° K.

one which is 10'' times smaller. But against this explanation it may
be adduced that in order to bring the formula of Comm. N°. 119

into agreement with the observations at the lowest temperatures the

frequency has to be taken lower as the temperature falls "). Wien

1) As Wien does hi his theory. Sitz. Ber. Ak. d. Wiss. Berlin 1913, p. 200.

-) We may remark that it is not necessary that when an electron jumps over

with resistance the whole surplus velocity which it has to propagate should he lost.

3) Perhaps the distance of the surfaces of neighbouring atoms has tlien become

etiual to that of two neighbouring electrons in the same atom (comp. Keesom's

paper cited above p. 108 note 1) and the connection of the electrons of two atoms

similar to that of the electrons in one and the same atom (comp. the speculations

on "atom-fast" compounds in Kamerlingh Onnes and Keesom, Encyclop. d. Math.

Wissensch. V 10, Suppl. No. 23 Nr. 57.

•*) As 1 pointed out at the discussion of the Conseil Solvay (1. c. p. 298) one

might suppose considering that the vibrations take place in the system of mutually

connected molecules that there are two kinds of vibrations, a longitudinal and a
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in taking into account in the calculation of the free path of the

electrons all the frequencies which play a part in the specific heat

has succeeded in explaining this peculiarity : the resistance according

to his theory diminishes at very low temperatures only as T^ or

as T^!z, (depending on the choice of a subsidiary hypothesis). But

then it becomes much more difficult to explain the extremel}^ small

value of the possible micro-residual resistance by considering the

super-conducting metal simply as a metal with slightly modified

properties. It thus seems as if at the vanishing point something

occurs by w4iich the small frequencies lose their influence on the

resistance although they continue to play a part for the specific heat.

The spectrum of the frequencies of the vibrators which are operative

in the resistance would thus become limited to a few high frequen-

cies or at least be cut off on the side of the small frequencies, in

the same way as this happens according to Debije on the side of

the high frequencies ').

Astronomy. — "Investigation of the inequalities of approximately

iiiontldy period in the longitude of the moon, according to the

meridian observations at Greemoich." By J. E. de Vos van Steen-

wijk. (Communicated by Prof. E. F. vais de Sande Bakhuyzen).

(Communicated in the meeting of April 25, 1913).

It is now about a year ago that Prof, van de Sande Bakhuyzen

brought under my notice the calculations that he and others had

made to determine the corrections needed by Hansen-Newcomb's tables

of the moon, which still show systematic deviations. I willingly

undertook to continue his calculations on the errors of the longitude,

and gratefull}- acknowledge his frequent advice and readj- helpfulness.

My investigation is confined to the inequalities in the longitude of

transversal kind. Perhaps above the vanishing point only two vibrations play a

part in the resistance, a transversal and a longitudinal one, so that according to

Planck the small frequency becomes prominent at the lower temperatures, and at

the vanishing point this frequency changes into a very high one, so that the ori-

ginal higher one assumes the more important part.

A rotation in opposite senses of two neighbouring atoms with small frequency

above the vanishing point, might perhaps, by the atomic surfaces overlapping

below the vanishing point, change into a rotation with high frequency. [The

caloric investigation of what happens in passing the vanishing point will throw

light on this question. As to the specific heat above and below the vanishing

point compare the addition to note 1 page 117.

^) This raises the question whether above the vanishing point also the small

frequencies do not in some way lose their influence on the resistance all the more

the smaller they are.
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approxi matei y monthly period, or to S[)eak more accurately, periods

differing only slightly from the anomalistic time of revolution, which
can also be taken as itiequalities of long period in the ecceiitricity

and the longitude of tiie perigee, and to the comparison of them
with the values found for the same by E. W. Brown in his new
lunar theory.

My method was exactly the same as that used by Prof. E. F.

VAN DE Sande Bakhuyzen, ill his two papers in 1903, and previously

by Newcomb in his. "Investigation of coirections to Hansen's tables

of the moon". I also used errors in R. A. instead of those in longitude.

Newcomb discussed the years 1862—1874, according to the obser-

vations made at Greenwich and Washington, and in a less tho-

rough manner the years 1847—1858 according to the Greenwich-
observations, while E. F. van de Sande Bakhuyzen treated the years

1895—1902 also by using the observations at Greenwich. As their

results pointed to terms in the eccentricity and the longitude of the

perigee of about an 18 years' period, nearly agreeing with the

Jovian evection as found by theory, it was natural for me te extend

the material discussed by van de Sande Bakhuyzen, so as lo cover

a period of 20 years.

I began a preliminary mvestigation with a view to the then ap-

proaching solar eclipse of April 17^^ 1912. I used the observations of

the years 1907—1909 and the results of my calculations were published

in the Proceedings of tliis Academy 14, 1J80. On account of the

short period discussed, my investigation could yield no result of

general bearing.

For this first investigation I had applied beforehand to Hansen-

Neavcomb's tables precisely the same corrections as Prof, van de Sande
Bakhuyzen had done and when later on I began to work after the

more extended plan, it was first necessary to consider if any change

needed be made in this.

Prof, van de Sande Bakhuyzen had applied to the ditferences Aa.

which are given in the Greenwich-results in the sense calculation

minus observation, the following corrections : ')

a. Corrections to the calculated mean longitude viz:

1". periodic corrections 7idz= -{-!".6d sin JJ -^0".1Q sin {D~(/)
0".24 sin {D-\-g') + 0".09 sin <f

— 0".33 sin ID — 0".21 sin (2D—g) ')

1) Under the heading: "Comparison of the erroi's of the Moon from observations

by Transit and Altazimuth" corrections have been applied lo the A^ for the

motion of the moon in the intervd Lx itself, which are not yet taken into account

in other parts of the Results.

~) In this the solar parallax was taken as t = 8".796.
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2". a correction for the slowly varying error (secnlar term) which

was deduced from the annual means of the A«.

The sum of tliese corrections was reduced to corrections of the

R.A. by means of Newcomb's factors F and {v. a.).

b. Corrections for })ersonal errors in the observation of the times

of transit of the two limbs of the moon.

After mature consideration Prof. Bakhuyzf-n advised me to introdiu^e

new corj-ections deduced from Brown's lunar theorj' and corresponding

to the solar parallax 8".80, instead of tiiose given above under 1°.

In this it was kept in view, that inequalities with small amplitude

only need to be introduced for our purposes, when their period is

approximately commensurable with that of the mean anomaly g, as

otherwise their influence on the average almost disappears.

The new inequalities calculated by Bkown, or their differences

with those according to Hansf-n, were taken from the third paper of

Battekmann ^}, where they appear on page J 6—18, numbered 1—45.

Most of them are perturbations by the planets, some of them are

corrections to the perturbations due to the figure of the earth, and

a few are solar perturbations. The perturbations 23^29 by the

planets, the solar perturbation N". 39 and the term N", 44 produced by

the figure of the earth, when brought into the form asin{g-\~'^

all show values of x^ with a {)eriod between 9 and 38 years. They

were not yet introduced as they stand in immediate i-elation to the

results to be derived from m.j investigation.

The cori-ections introduced were the following:

+ 1".37 sin D
-f 0".20

-j- 0".31

— 0\20sin{D^g')
— 0".12si?i{2D—g) ,

+ 0".25 ,mi g'

— Ü'M9 sin ID.

The values of these terms were collected in two now tables of

the same form as Newcomb's tables VII and VIII.

In order not to break the connection with the years 1895—1902

too much, the old corrections were used for the years 1890—1894,

so that 1890—1902 form a homogeneous whole. From the results

for the years 1907—1909, which have been calcnlated with the old

and with tlie new corrections, which gave only insignificant differences,

it appears however, that the whole period 1890—1910 may also be

considered as one whole.

mi {D—g)

^) Beobachtungs-Ergebnisse der Königlichen Slernwarte zu Berlin n^. 13 1910,
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the year 1891 lias been left out of the calcuhxtions, as the transit-

circle was not in working order for some months, and the results of

the different parts of the year may differ systematically from each other.

Further, up to 1902 only observations taken with the Transit circle

are used, after that also Altazimuth observations, in so far as they

were taken in the meridian (which did not occur before 1903) and

finally, after 1905 I could also use observations of the crater Moesting A.

The secular term was computed for every month or two months
from a graphical interpolation between the annual means, given in

the paper by Prof. Bakhuyzen in These Proc. 14, 691 undei the

heading M—NI, after these values] had been diminishedby a
28'^^ part for the motion of the moon between the moments of

calculated and observed transit ^).

Finally we come to the corrections to be applied to the observed

time of transit of the moon's limb. These depend principally ui)on

D^
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were determined for the two periods 1892—94, and 1903—09,

while 1890 and 1910, which were a(h]ed later, were connected to

the other years as well as possible.

Like my predecessors I liave arranged the A«, after applying

all the above mentioned corrections according to the days of true

age of the moon Dt, in order to investigate whether there may exist

a dependence on this age. These results, as well as those found b}-

Prof. Bakhuyzen, 1 give here, viz. the mean deviation for each day

diminished by the total mean for the limb. In the first table 1 have

collected the results for limb I, in the second those for limb II

;

the numbers in brackets give the weights.

We must remember that the systematic errors of the observers are

ojdy correctly represented by these figures if the theoretical correc-

tions depending on D are quite correct.

^t
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values of its age; in tlic first instance this would cause a divergence

in the negative direction, and in the second in the positive.

In the years 1892—94 this divergence seems to show itself,

and I therefore considered it desirable to introduce for tiiese years

a separate correction of -["O-.OG for Dl = 3, 4, 5, 6 and one of

-— 0^05 for Dt =r 23, 24, 25, 26; after applying tiiese corrections

the mean deviation for each limb was determined afresh. For the

years 1895—1902 Prof. Bakhuyzen rejected the observations for

Dt = 4 and 26, and applied no further separate corrections. The

years 1903—09 do not show these particular divergencies so con-

spiciiouslj' and for these I thought it advisable not to apply any

separate corrections for a dependence on Dt. The years calculated

later, 1890 and 1910, have been brought into connection with the

others as well as possible. The correction for the observed limb for

1890 is deduced from 1890—94, and that for 1910 from 1903- 10.

I now give the differences between the results from the two limbs.

Limb II—Limb I, computed for each year, after the al)Ove mentioned

corrections had been applied.

With one exception, these differences for the different years agree

fairly well with one another.

After the corrections for the errors of observation of the limbs

liad been applied, a yearly mean was formed for each instrument,

both for the observations of the limbs and of the crater, and further

corrections were added to bring each class of observations into

agreement with the total mean.

The total corrections were finally

:

1892—94

1895—99

1900—02

1903—09

Dt=3, 4, 5, 6
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I _j_ 0" 66 sin
\ g -h 298^47 + 0°10J075 t

\

-f .08 sin
I ^ + 92 .28 — .020582 t

\

-f .07 sin
I ^ -f 350 .40 -f .062456 t

\

-f .07 sin j (/ + 179 .20— .062456 t
\

+ .04 sin
I (/ + 87 .95 + .035364 t

\

Ï1 +1 .14 sin \g-\- 12 .85 -f .056550 t
\

III _|_ .44 sin
I (/ + 322 .7J — .026541 1

\

IV -f .28 sin
1 .(/ + 2 CO -f 180°

\

V -f .50 sin ( cfl — 10°6 ) cos g

in which t is expressed in days counted from 1900.0. For Newcomb*»

first series, on account of their smaller accuracy, only tlie 5 largest

terms, marked here by the numbers I— V were calculated.

As these corrections must be applied to the tabular values and as

k and h have been taken in the sense calculation minus observation,

1 have now, indicating BR0w^'s teims by Br, formed — h — Br
r^^nd — k — Br, so that these differences represent the corrections

which, according to the observations, must be applied to the tables

after they have been corrected according to Brown.

After this the corrected values of — A and — k were freed from

their constant parts, which depend upon the corrections, which are

still required for the eccentricity and the longitude of the perigee

y
— /i^, := _j- 2 (Se, — kc = — ^ e (i:r). This was done in two different

ways. The first time 1 regarded the mean values of — h — Brand
-— k — Br for each period as the constant parts to be subtracted from

the individual values. As the two following tables. Table I and 11,

show;, the results thus found for — he and — k,. for the three series

are in fairly good accordance with each other.

The tables also contain the results — h^. and — k,. freed from the

constant parts.

A second time 1 have tried to represent the constant parts for

the three series together by quantities varying linearly with the

time. In order to be able to dispose of 4 periods of about equal

length, 1 divided the last into two parts, and calculated he and kc

for each half-series (these values differed not much from those for

the whole series). I had therefore for each of the two unknown

quantities four equations of the form —hc=a-\-bt and —kc^a'-]-b'L

To the first series of Newcomb I gave a weight 1, and to each of

the other three series a weight 3. The results found were:

az= — 0".62 6 = + 0".0034

^'=1— 0".47 6'= — 0".0090
epoch 1894.5.



TABLE I. Investigation of the h. 1st calculation.



TABLE II. Investigation of the k. 1st calculation.



TABLE III. Investigation of the h and k. 2nd Calculation.
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By this formula — lie and — kc were then calculated for each

year and with these values those for — h^ and — k^ were deduced.

We thus have two sets of values for — ho and — k^..

Before submitting these results to a nearer investigation, I tried

to show that the introduction of Brown's terms is justified by the

observations, at least as far as the five are concerned, which have

perceptible coefficients, and were marked above in roman figures.

For this purpose tables were drawn up of — Ay and — ko,

according to the first calculation, in which all Brown's terms were

introduced except the term to be investigated. The yearly results

were then so combined, that groups were formed with values of

the argument of the investigated term between 0° and 10°, 10° and 20°

etc., in such a manner that the results for the different quadrants,

when necessary, were reduced by a change of sign to those for the

first quadrant. The h and k, when we represent Brown's terms by

a sin [g -\- /), then give nine equations each of the form — h^ = « cos x

and — ko = « sin x-

Now X = Xo ~l~ f* (^— 1900.0) and, as we take the period or ft as

known, we can deduce from the observations the value for « and

Xo for each term by the formulae

tg (Xo + f^ {« - 1900.0)) ^ ^' «=" =: ho^ + V ')

In this solution weights are given to the various equations propor-

tional to the number of years that they are based upon.

The results found, compared with those according to the theory,

follow below

:
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— ho= et cos X — ki, = « sin -/ ')

tlie values of x were calculated for the separate years and these

values were united in 7 groups, as follows :

Period
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ï then examined the accurate length of the period more clo«elj

in the following manner. Proceeding from the form asin{<j-\-i)

so that — Ay = « cos x — ^'y = « si7i /

and from the 2"^^ calculation for h^ and k,., the value for x for each

year was found as follows

1847.8

48.9

50.1

51.2

52.4

53.5

54.6

55.8

56.9

58.1

303°

39

40

48

106

194

169

299

285

22

1862.5

63.5

64.5

65.5

66.5

67.5

68.5

69.5

70.5

71.5

72.5

73.5

74.5

155°

212

257

350

339

350

45

107

124

188

171

224

286

1890.5

92.5

93.5

94.5

95.5

96.5

97.5

98.5

99.5

1900.5

225^

282

349

314

60

116

170

191

263

317

1901.5
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ï'or the period 1 now found 8.92 years, which coidd, therefore,'

retain provisionally the assumed value of 9 years, with which the

further calculations had already been made. We have

-h, — a cos |x„ + 40" it—t,)\

and putting

we then have

h, = ^ sin 40° {t -t,) -\- y cos 40° (t-t^)

k,= iS' 5m 40
' (

« - <J + y' cos 40^ {t—t,).

^= — a sm Xo y = « cos Xo

^' =r a COS Xo y' = « sin x^.

I calculated each of the four coefficients independently. In this

Newcomb's first series was left out, on account of its smaller accuracy.

I found, assuming for t„ 1894.5, from both sets of values A and B
obtained by the two methods of calculation,

A
Each series being calculated with its own A. and kc

/?— — 0".30 y = -j- 0".68 [3' = + 0".60 y' ~ + 0".16

B
The he and kc being calculated by formulae a -{- bi

^— - 0".29 y = + 0".63 [3' = + 0".G0 y' = + 0".14

After all the results of calculation B seem to me to be the most

reliable, but the differences between the two sets are very slight.

We see further that the relations ^' = y and jii=:— y' are very

satisfactorily fulfilled and may thus assume according to calculation i?:

«smxo = + 0".22

« cos Xo = + 0".62

from which

X. = 19°.53

«= +0".66 •

The value found for Xn must still undergo a small correction,

because the annual variation was not assumed quite correctly;

considering that the mean epoch of the observ^ations is about 1886,

this correction becomes -|- 2°.98.

Finallj^ transferring the zero-epoch to 1900.0 we find for our

empirical term

-f 0"Msin \g ^ 244°.4 + 40°.35 («— 1900.0)|.

The value now determined for the argument for 1900.0 thus

agrees very nearly with that found above. The period of this term

differs comparatively little from that of the term Br I; the difference



140

of 3.°43 between the anniuil Tariatioi: for both, however, makes the

variation of the two arguments differ 180° in 52 years and so the

two terms cannot be combined into one.

The complete formulae for the corrections, which must still be

added after Brown's inequalities have been taken into account, are

therefore

_/i=-0".60 4-0".0034|«- -1900.01+ 0" 66cos[244°.4 + 40°.35(«- 1900.0)1

— yb=—0".52— 0".0090 1^—190'). 0|+ 0".6r5s{?^{244°.4+ 40°.35(i—1900.0)

The two periodic terms can also be combined, as was done above.

Let us now consider the meaning of the corrections found, first

as regards the non-periodic parts. We have :

— he — + 2(fe

— kc ^= — 2eöjt

in which tfe and d-r represent the corrections to the eccentricity and

the longitude of the perigee adopted by Hansen for his tables.

We find thus

de=-~ 0".30 + 0".0017 {t — 1900.0)

é.r = + 4".7 + 0".082 {t — 1900.0).

The correction found for the annual variation of the eccentricity

is certainly too small to be considered as real. If we assume it to

be zero, we find

öe = — 0".32.

The correction found for Hansen's annual motion of the perigee

may be compared with what was found by others.

The correction -|- 0".08 must be applied to Hansen's tabular value

of the sidereal motion in a Julian year for 1850.0, 146435". 23,

which was deduced by him from the observations.

We get thus for 1850.0.

Annual motion of .t =: 146435". 31.

CowELL found from his discussion of the observations at Greenwich

(Monthly Notices Jan. 1905) 146435". 38, in near agreement with

the result obtained here.

Brown (Monthly Notices April 1904) gives as the result of his

theoretical calculation of the motion of the perigee two values,

holding for two different values of the ellipticity of the earth, viz.

1 : 292.9 and 1 : 296.3. Extrapolating from these for the value which

is at present considered the most accurate 1:297.5, we find for

1850.0

Annual motion of jt = 146435".05

for which Brown gives as "extreme possible error" =t 0".10.
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Our result 0".26 hir^ei-, is thus in moderate accordance with the

theory.

As regards the [)eriodic terms, it is very satisfactory that Brown's

inequalities are so well contirmed by the observations. It is, however,

remarkable that after Bkoavn's thorough investigations the observations

still betray an inec|uaUty with a coefticient of 0".66, which is theo-

retically unexplained.

Still I think that we are driven to this conclusion, and that the

supposition of E. F. Bakhuyzen (Proc. Akad. Amsterdam 6 1903,

417), when he could find no trace of the existence of Brown's term

I (= Radau I) in the observations, that in the yeai-s considered

another term must have neutralized its effect, is fully confirmed.

For we now find that with equal coefficients their arguments in

1863 differed by 180°.

Astronomy. — Investigation of the inequalities of a.pproximately

monthly period in the longitude of the moon, according to

the meridian observations at Greenwich. 2"^^ part. By J. E.

DE Vos VAN Steenwijk. (Communicated by Prof. E. F. van üe

Sande Bakhuyzen).

In connection with my previous paper on the inequalities in the

longitude of the moon, the period of which differs little from the

anomalistic period of revolution, I have made some further calcu-

lations.

Even after applying the corrections which we have discussed

and all the new inequalities determined by Brown, a discordance

still remained between observation and theory, which could be

expressed by the following empirical term to be added to the

theoretical longitude

:

+ 0".66 siu y 4- 244°.4 + 40°.35 (^— 1900.0)j

I have already pointed out that it is striking that an inequality

with such a comparatively large coefticient should exist, which is not

explained by theory, and on this account I have tried to establish

the reality of this term with greater certainty.

For this purpose first the value of this term and its influence

upon h and k were calculated for each year, and my — Ay and

— X'y were corrected for this. After this the mean residual dis-

cordance in ho and ku Was determined, and in the second place

for comparison the same was done, when h^ and k„ were not

corrected for the empirical term. In the third place the same
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calculation was made again, when h,. and k^ were neither corrected

for my empirical term nor for the inequality Brown I (the period

of which differs little from that of the empirical term). In making

the three calculations weight V2 was given to the h and k of

Newcomb's first series, and the mean discordances given below refer

to an h and k with weight unity. "We found :



143

Finally I wish to inuke a few remarks which refer to another

form in which our empirical term can he expressed.

Prof. E. VAN DE Sande Bakhuizen called my attention to the

remarkable fact that the period of the argument x which is added

to g agrees, within the errors of ol)servation, with the periodic time

of the moon's perigee (the difference in annual motion is 0°.33). As

the longitude of the perigee for J 900.0 is 334°.3, our term may be

put in the form (if / represents the mean longitude of the moon)

+ 0"66 sin (/— 89°.l») =: — 0"66 cos L

Prof. Bakhuyzen will give a short paper upon the possible signi-

fication of our term in connection with this transformation. The new
form suggested to me to investigate in how far the term can arise

from the circumstance that, following Nevvcomb, my whole investi-

gation was based on the tabular errors in right-ascension instead of

on those in longitude.

The great advanttige of this method is that by it the errors of

observation in right-ascension are not mixed with those in declina-

tion, but we must now pay attention to the systematic differences

between the deviations (kt. and öl, therefore also to those [)arts,

arising from the tabular errors in latitude. Nevvcomb on pp. 12 and

16 of his "Investigation" carefully considers these differences; he

finds approximately

a = l— 2°.r) sin 21 — l°.l sin (2/ ~ 0) -\- l°.l sin 6

in which S represents the longitude of the node and, as

da da da
da = — 61 + —^68 -^ — öi

dl do di

putting

61= da — F
we find

:

P={i- 0.018rf<9 — 0.037 dl) cos {21 — 6)

— 0.087 di cos 21

+ 0.0l8d8cos/9

-\- 0.2[disin8

— 0.21 di sin {21-8)

Newcomb further points out that P contains no perceptible terms,

whose period approaches that of (j, so that their influence upon his

and also upon our investigation must be small.

The value of the term ().018d8 has increased since Newcomb's

time, as d8 is now about 10", but its influence may certainly

still be disregarded in our investigation.
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Newcomb did not, however, take into account the possibility of

a constant error in the latitude, although he had himself previously

called attention to the want of foundation of Hansen's supposition

that the centre of gravity and the centre of figure of the moon
should not coincide in the direction of the radius vector.

The intluence of a constant error in the latitude upon the R.A. is

da sin ë— := COS X
d^ COS^ (f

or, as the greatest difference of coii^ ö from unity, for A = 90° or

270°, is 0.16, about

da~ = — 0.40 cos X.
d^

We see therefore that, as we may neglect here the difference

between mean longitude in the orbit and ecliptical longitude our term

could, as regards its form, be completely explained by a constant

error in the latitude and that the correction for this would have to

be 4" l"-65, more than compensating Hansen's term — 1".0. As

Bakhuyzen, from the declinations observed at Greenwich, after having

freed them as far as possible from systematic errors, and reduced

them to Newcomb's fundamental system, deduced a latitude-correction

of only -\- 0".20, both from the observations of the limbs and from

those of Mösting A, while in using the uncorrected declinations the

correction would have been found to be zero or negative, it appears

that if I, instead of using differences A«, had used the errors in

longitude AA, calculated at Greenwich, 1 should have found an

empirical term of about the same value.

Astronomy. — On the sujnijicance of the term, in the Right

Ascension of the moon, found by J. E. de Vos van Steenwijk.

By Prof. E. F. vam de Sande Bakhuyzen.

The most important result of the investigation of de Vos van

Steenwijk is doubtless the fact that the observations of the moon,

besides the inequalities theoretically determined by Brown, betray

the existence of a new ' term, apparently of an analogous form,

which was not explained by the theory. The reality of this term

might already be considered as established after his previous calcula-

tions; its existence and also the approximate accuracy of the co-ef-

flcients were put beyond all doubt by the determination of the

mean residual discordances remaining in h and k (see his second

paper), after they had been corrected on the one hand only for the
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constant or slowly varying parts and for tlie theoretical perturbations

and on the other hand for the empirical ter in also. The mean
discordance decreased, in the mean for h and k, from ± 0"605

to ±0"389, and the decrease was about the same for // and k, and

about equally great for the earlier and the later years. It did not

appear, however, to be so certain that the term deduced from tiie

investigation of the tabular errors in Right-ascension really represented

an inequality in the longitude of the moon.

Originally de Vos van Steenwijk found the term in the form

+ 0".66 sin \g + 244°.4 + 40°.35 («—1900.0)

|

ft soon struck me that the annual variation of the argument x is

almost equal to the annual motion of the perigee 40°.6S, so that,

as the argument is found most accurately for the mean epoch of

the observations used, 1886, the term can be written :

+ 0'.66 sill [g + 249°.0 + 40°.68 {t — 1900.0) |.

— _j_ 0".66sm|/— 85°.3|

in w^hich / represents the mean longitude in the orbit or approxi-

mately the ecliptical longitude.

Now it is possible :

1. That the approximate agreement of the two rates of motion

is merely accidental, and that the original form found for the term

is the true one, so that we might probably have to deal with

a still unknown inequality caused by the planets.

2. That the transformation gives us the true formula.

Taking the tirst supposition, the difficulty remains, which de Vos
pointed out in his first paper, that such a considerable term should

have escaped both Brown and Radau, and that while all terms with

at all considerable co-efficients have been found nearly equal by both.

Taking the second supposition, if we look upon the term in its

altered form as a perturbation-term, this would lead to a very

improbable form for such a term, as it would depend upon the

absolute longitude of the moon, i.e. of a difference in longitude with

a fixed direction in the sidereal system or with the aequinox.

There is however a third possibility, viz. that the second form is

the true one, but that we are not dealing with an inequality in the

ongitude, but with one in the right ascension, proceeding from the

Iparticular parts of the limb, which are used in the transit-observa-

tions, and their different distances from the centre of gravity of the

moon. In de Vos's researches, following Newcomb, the immediately

observed errors in R.A. were used, and in the last part of his

second paper he discusses the infiuence of this method. He shows

10
Proceedins^s Royal Acad. Amsterdam. Vol. XVI.
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there that a constant error in the latitude must lead to a term in

R.A. of just the form that he finds, as with fairly close approximation

(let = — 0.40 cos hli^

while the new term is pretty nearly

— 0".66 cos X.

The special form of the deviations of the limb, which would

account for the result now found, would be such that the centre of

figure would lie 1".65 more to the north than according to our

ephemerides.

If we assume, disregarding the inclination of the lunar orbit and

the influence of tlie librations, that the moon's equator always

coincides with the ecliptic, then in the transit-observations parts of

the limb are used, which varj with the longitude of the moon over

arcs lying between points 23°5 on each side of the moon's equator.

These arcs would then belong to a centre with a latitude,!".65

larger than according to the ephemerides, therefore, as these include

Hansen's constant term — 1".0 a latitude 0".65 larger than that

according to pure theory. As further, in the course of one year, each

value of the moon's longitude successively co-incides with each

value of the elongation B and therefore the same number of times

with observations of Limb I and Limb [I, tiie two symmetrically

lying parts of the limb must each time co-operate.

Last 'year, I deduced from an investigation of the declinations of

the moon observed at Greenwich during the period 1883—1909,

that these, after they had been freed from systematic errors as far

as possible, and reduced to the fundamental system of Newcomb,

point to a centre 0".8 to the south of the centre of gravity, that

is nearly to Hansen's centre, while the uncorrected declinations

would place the centre of figure even more to the south. I found

further that the observations of the declination of Mösting A lead to

precisely the same results as those of the limbs, or that, when re-

duced to the centre of the moon with the existing data, they placed

it also 0".8 to the south. De Vos's results now show that the

southerly centre, which satisfies arcs of 47° lying symmetrically with

respect to the north and south pole, certainly does not satisfy the

easterly and westerly arcs which are used in the observations of

the rightascensions.

' A centre of figure coinciding with the centre of gravity certainly

brings about a better agreement. This would correspond with a

correction-term —0".40 cos /, and the question therefore arises

whether this smaller co-efficient sufficiently satisfies the observations.
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Before investigating this we mnst note another circumstance. F'or

the years 1905—1909 the observations of Mösting A in right-ascen-

sion were also used and it is impossible to say what influence tliis

has had. Observations of the limbs and of tlie crater are intermixed

in each of the 20 equations deduced from each year's observations

and cannot be easily separated.

I have, therefore, made a new calculation of the empirical term

and simply left out the six last years. Of the seven normal [)laces

(de Vos p. 139) I have left out the last and I took for the last

but one the mean results of only 4 years 1901—1904. A new solu-

tion then gave

X = 253°.7 + 40°.67 (^—1900.0)

and we thus find an annual variation exactly equal to tlie annual

motion of the perigee.

A new calculation of the co-efïïcient then gave (calculation B sec

DE Vos p. 139)

/5 = — 0".44 li' = + 0".67

Y= i- 0".66
r' = + 0".26

from which follows for the co-efTicient itself « = -|- 0".75, a value

even greater than before. As argument for 1900.0 we now get

Xo = 251°.6, thus as the mean from the two calculations 252°. 7, and

the term becomes

-h 0".75 sin i252°.7 + 40°.67 (/—1900.0)|

= .4_0".75 5m(/—81°.6)

now deviating slightly more from the form —« cos I.

The empirical term was now again subtracted from the —ho and
—k^: I with the co-efficient 0".75 found here, II with the co-efficient

0".40. Calculating in both cases the mean discordance we found.
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results, in the second place the results show distinctly that the smaller

co-efficient satisfies the observations less well. From all this it seems

to me that the supposition that the new term is due to a deviating form of

the limb gains in probability, and we must then conclude that, while the

polar arcs require a centre of figure about 0".8 south of the centre

of gravity, the aequatorial arcs deviate in the opposite sense and

require a centre of figure about 0".9 to the north of the centre of

gravity. This is identical with saying that the northern extremities

of these arcs lie 0".35 further outside, and the southern 0".35 further

inside relatively to the centre of gravity. If we take into account

that the term has not exactly tlie form « cos I, the conclusion is but

little altered.

These conclusions now agree with the results found by Battermann

from his occultations, who deduced from them on the average a

centre of figure coinciding with the centre of gravity.

Our results can be further tested by the results which Hayn, in

his "Selenociimpliuclte Koordinaten" deduced for the form of the lunar

limb from his measurements in Leipzig and Hartwig's in Strassburg

and also by the results obtained by Przybyllok in his ''Das Profil

der Ra?idpartien des Mondes" . (Mitteilungen der Gr. Sternwarte zu

Heidelberg, XI).

Hayn gives in his 3"^ paper on p. 77, for a mean libration, the

mean radii for arcs of 10° and of 30° counted from the North

pole along the limb of the moon (Argument P), and I deduced

analogous results from Przybyllok's Tafel der Randkorrektionen.

In this way I found

p
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Physics. — ''A quick coil galvanometer." By Dr. W. J. H. Moll.

(Communicated by Prof. W. H. Julius).

Galvanometers are applied for the investigation of a great variety

of plienomena. The demands which the instrument is to meet, will

differ according to the nature of the investigation, and therefore

many different kinds have a claim to existence. If we confine

ourselves to those cases where the galvanometer has to measure a

direct current, and a great sensibility is required, even then the

choice of the instrument that will best serve a definite purpose, is

often difficult.

For some methods of investigation, in particular those in which
the galvanometer is inserted in a circuit of great resistance, its own
resistance will be of little importance. In those cases the string

galvanometer is preferable, which is very sensitive, exceedingly quick

in its indication, and not easily disturbed. For completeness' sake

we must mention a galvanometer (part of the "Kardiograph") con-

structed in the course of this year by Siemens and Halske, about

which however no particular data have been published as yet.

In many other methods of investigation, however, the resistance

of the circuit is comparatively slight, and the above mentioned

galvanometers cease to be sensitive on account of their great resistance.

In those cases we must choose between the needle galvanometers

and the coil galvanometers.

Of these two types the needle galvanometers will only be selected

for those measurements, for which the utmost sensibility is required.

As a matter of fact they are greatly subject to disturbances, and it

is extremely diflficult to protect them, especially in cases of great

sensibility.

The coil galvanometer is much simpler in its use and for most

purposes sufficiently sensitive. It surpasses the needle galvanometer

not only by its being less readily disturbed, but also by the ease

with which the damping may be regulated and dead beat conditions

attained. These two advantages account for the preference which is

generally given to this apparatus.

The common coil galvanometer is, however, by no means quick

;

the time of its indication varies from JO to 30 seconds for the

different patterns. This drawback makes itself felt, when the investi-

gation requires a long series of readings ; the observation of rapidly

varying phenomena is evidently impossible with such a slow instrument,

while the string galvanometer, which is exceedingly quick, is generally

not sufficiently sensitive on account of its great resistance.
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Here a galvanometer is required wliicli is at the same time

sensitive and quick.

In what follows a metliod will be discussed by which quickness

of indication may be reached for the sensitive coil galvanometer.

Let us call K the moment of inertia of the coil ; D its directive

force ; T its semi-period of oscillation with open circuit ; F the

total area of its windings ; H the intensity of the uniform magnetic

field round the coil; W the resistance of the circuit, in which the

galvanometer is inserted; then the sensibility P of the galvanometer,

i.e. the angle of deviation (supposed small) for the unity of electro-

motive force in the circuit is given by

:

(HF)
F= ^- ^ (1)

while

'-^l^f ^^'

Since we confine ourselves to the case of aperiodicity, we have

moreover, neglecting the air damping,

(HFY
W^ — (3)

and the time of indication is approximately given by t = 3 T.

Six quantities occur in the three equations (1), (2), and (3), if we
count {HF), the so-called dynamic galvanometer constant, as one.

We can divide them into two groups, F, W and T being quantities,

which can be measured directly, and which characterize the instrument.

The equations enable us to calculate from them D, K, and {HF).

Thus for the most sensitive galvanometer constructed by Siemens and

Halske according to Jaeger's directions :

r=7,5 W=imohm = 10'' P=l,7 xlO-^i)

are given, from which we calculate in round numbers

:

{HF)=z 280 000 i) = 0,18 K=1,0.
For the quickest galvanometer of the same lirm, designed by

DlESSELHORST :

T=2 W=l,8x 10'' P=:0,6XlO-5
from which

{HF) = 200 000 Z)=0,19 K=0,OS.

1) This corresponds to a deviation of 3,4 mm. for 1 microvolt on a scale at

1 meter's distance.
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Not only does the above reasoning give us valuable information

about a given instrument, it also leads the way in the construction

of a new one, satisfying special demands. For tfie construction of a

galvanometer which is at the same time sensitive and quick, we have

to solve the problem how to choose B, K and {HF) so that P be

great and T small.

Here we have to consider that the six quantities are related in

still other ways than expressed by the three equations. Indeed, the

mode of suspending the coil, the kind of wire of which its windings

consist, and its form will furnish additional relations between the six

quantities, and it is the question whether a certain change of D,
K and {HF), which would seem desirable according to the equations

(1), (2), and (3), is practically feasible. The equations will only indi-

cate the direction in which we have to seek.

The quickness of the galvanometer only depends on the directive

force D and the moment of inertia R of the coil. In order to simplify the

calculation we will therefore leave the dynamic galvanometer-constant

{HF) out of consideration, and we do this the more readily as this

quantity may be modified within a wide range independently of the

five others. After the elimination of {HF) two equations remain

:

7' = jr / - (2) P^= (4)

.

We see from this that 7' is diminished when D is increased, but

that P is diminished in a corresponding degree. A second means of

increasing the quickness, namely diminishing K, will not alter

the sensibility so much, since K also occurs in the denominator of

the second member of (4). A third means, however, can lead to

our purpose. For a given value of W, P remains unaltered when
we leave

~K~^ D}/D
""C^i^"ged.

Therefore by greatly decreasing K, say to one thousandth, and

at the same time diminishing F> to, say, one tenth, Twill be reduced

to one tenth, while P remains the same.

That such a change of K and D is actually feasible, may appear

from the following data.

For the coil galvanometer, by means of which the rapidly varying

radiation of the sun was registered during the central part of the

solar ecUpse of 1912 '), we have:

1) W. H. Julius. The total solar radiation during the annular eclipse on April

17, 1912. Astroph. Journ. Vol. XXXVII, p. 225.
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T=0,4 IK=2X10'" P= 1,0X10-'^
{HF) = 2o 000 D = 0,U K= 0,002.

'For a very sensitive instrument of the same kind:

2'=0,Qd 1^::= 1,5x10^° P=3X10 5

(^i^) = 14 000 7) = 0,03 /i = 0,001 5.

The sensibility of this coil galvanometer with a time of indica-

tion of less than 2 seconds is greater than has ever been reached

even in the slowest instrument. It corresponds to a deviation for 1

microvolt of 6 mm. on a scale at 1 meter distance.

F'or a third, very quick but less sensitive specimen

:

7'= 0,12 ir= 2,8 X 10^" P= 0,45 X 10-^

(ffi^) = 18 000 D = OM K= 0,000 4.5.

K may be still further diminished, but then one has to face rather

great technical diflficulties, and soon the moment of inertia of the

mirror will play a too important role. For a mirror e.g. of a radius

of 2 mm. and a thickness of 0,2 mm. this amounts to 0,000 06.

It may seem strange that this rather obvious measure of diminishing

the moment of inertia of the cod has not been made use of in the

construction of the coil galvanometer since long; the reason will

probably be a difficulty which arises when this principle is applied.

In the usual construction of the apparatus the coil is suspended

by a thin strip, which at the same time conveys the current

to be measured; the current is led off by means of a metal band

so slack as to have no appreciable share in the directive force

of the coil. When now the moment of inertia of the coil is made
«

very small, and consequently its weight very slight, it becomes

subject to inevitable vibrations to a much higher degree, than is

the case with a heavy coil. This disadvantage may, however,

be obviated by not suspending the coil in the usual way, but stretching

the slack band.

The reliability of the indication of a galvanometer with a coil

fixed in such a way appears conrincingly from the results of the

above-mentioned eclipse observations published elsewhere ^).

Conclusion.

In the construction of a coil galvanometer it is desirable to take the

moment of inertia of the coil much smaller than was usual hitherto

;

and not to suspend the coil, but to stretch it between two metal bands.

Galvanometers constructed according to my directions are furnished

by the firm P. J. Kipp and Sons at Delft.

1) W. H. Julius. Loc. cit.
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Chemistry. — ''On the presence of quinine in the seed of Cinchona

Ledyetiana Moens." By P. van Leb:rsum.

According to the description by Moens ^) the seeds of the genus

Cinchona are compressed, flat, with an eh)ngated kernel, which is

completely surrounded by a membranous wing, having a toothed

edge. The embryo lies in the axis of a fleshy albumen ; the cotyle-

dons are entire and egg-shaped.

The seeds vary in size and shape according to the species. Thus

for instance those of 6'. officinalis are 4—7 m.m. long and 2—4ni.m.

broad, those of C. Ledc/eriana measure 47^ m.m. by 1 m.m., those

of C. succirubra 7—10 m.m. by 2—3 m.m.

A kilogramme of the seed of C. officinalis consists of 1400000

seeds, for C. succirubra and C. Ledgeriana the corresponding figures

are 9000000 and 3500000.

With due precautions, Cinchona seeds can be preserved for from 6 to

7 months without loss of germinating power. For this they should be

perfectly ripe; they should be dried in the wind and completely

freed from adherent portions of the capsule and funicle and then

placed in an air-tight tin box or in a bottle with ground stopper.

The batch of seed which has contributed most to directing attention

to the Cinchona plantations of Java is that which was bought from

George Ledger of London in 1865. G. Ledger had obtained this

seed from his brother Chari-es Ledger, who in his turn received it

from his servant Manuel Incra Mamani, an Indian native of the

Jungas of Bolivia.

Little is known about the chemistry of Cinchojia seed. According

to Moens it would contain no alkaloid, but on the other hand he

states that there is fat, to the extent of 6.13 7o i" the seed of

C. Ledgeriana, 13.3 "/„ in that of C. officinalis and 9.50 7o in that

of C. succirubra.

In the Annual Report of the Government Cinchona culture for

1905 I have already stated that there are alkaloids in the seed,

and not only the so called amorphous alkaloid, but also cinchonine.

In order to investigate how and under what conditions the chief

alkaloid i.e. quinine, is formed in Cinchona, it is necessary to know
first whether the seed itself contains quinine.

My previous investigations of the seed had already pointed to

this being the case, but there was no certainty. I found that the

^) De Kinacultuur in Azië.
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sulphuric acid solution of the alkaloids from 50 grammes of seed

was fluorescent, but only so slightly, that error was not completely

excluded. Moreover quinidine also fluoresces in sulphuric acid solution.

In order to obtain certainty a kilogramme of Ledgeriana seed

was powdered and sieved (B 40). In quantities of 20 grm. the powder

was mixed with 5 grm. of calcium hydroxide and then 6.5 grm. of

5 7o sodium hydroxide and 9.5 grm. of water were added and the

mixture v^as stirred for about 2 hours until a suitable granular

mass was obtained. This mass was extracted with benzene in a

Soxhlet apparatus.

After distilling off the benzene there remained in the flask, in

addition
*
to the alkaloids and other impurities, so much of an oily

liquid that it was impossible to estimate the alkaloids directly in

the residue.

It was found necessary first to free the seed from the oil contained

in it before an accurate estimation of the alkaloidal content could

be undertaken.

A preliminary experiment showed that petroleum ether is most

suitable for this purpose, since it dissolves the oil, but not the

alkaloids.

The finely pow^dered seed was first completely extracted with

petroleum ether; the mass was dried, powdered again and sieved.

Of this powder quantities of 20. gr. were thoroughly mixed with

slaked lime, caustic soda, and water and the mass was then extracted

with benzene as described above.

After extraction and before distilling off the benzene, 10 c.c.

of N/^^ hydrochloric acid were added. In this way I finally obtained

an almost colourless solution of the hydrochlorides of the alkaloids.

After filtering through cottonwool and washing, a drop of a 0.5 "/„

solution of methylred in alcohol was added, the liquid was heated

on a waterbath and then titrated back with ^/,, sodium hydroxide.

The average result of a few dozen fairly concordant analyses

was 0.380 7„ of total alkaloid, calculated for seed containing fat,

but no water. These titrated neutral solutions were mixed and

evaporated to about 50 c.c, after adding a further small quantity

of N/20 sodium hydroxide, so that the liquid was slightly alkaline.

After cooling, the liquid was freed from suspended impurities by

filtration into a separating funnel. It was then washed, and after it

had been made strongly alkaline, it was extracted several times

with ether.

The ethereal solution containing all the alkaloid from a kilogramme

of seed, was evaporated to dryness, and the residue was dissolved
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in the minimmu (juanlit} of water, acidulated with sulphuric acid.

This acid alkaloidal solution vv^as washed repeatedly with ether

until the latter removed no more colouring matter. The solution

was then rendered alkaline and again shaken with ether; the

ethereal solution was separated and evaporated to dryness and the

residue was again treated in the way described above, in order to

obtain the alkaloid finally in as pure a condition as possible.

This dry alkaloid, which had been purified several times, was

now dissolved in water containing a trace of hydrochloric acid, and

the faintly acid solution was evaporated to dryness in a dessiccator

;

the residue was dissolved in a few drops of water, and after

filtration the solution w^as placed on a microscope slide.

A platinum wire which had been moistened with a solution of

sodium tartrate, was placed in the previously warmed solution and

the latter was allowed to cool slowly under a double watchglass.

After some time needles separated (fig. 1).

These needles could be : quinine tartrate, cinchonidine tartrate or

a mixture of the two.

In order to determine whether we were indeed concerned with

quinine, the needles were washed a few times very carefully with

a little water, so that they remained on the slide.

Then a trace of dilute sulphuric acid was added and a little of

a mixture of equal parts of alcohol, of water, and of acetic acid

coloured pale yellow by means of a potassium triiodide solution.

After a short time there appeared at the edges of the preparation

the very fine dichroitic leaflets of HI iodine-quinine sulphate (fig. 2),

a reaction which is so characteristic of quinine, that the presence

of this alkaloid in the seed of C. lechjeriana can no longer be

doubted.

Finally I may add that the seed investigated contained 18.6 7o o^"

a pale greenish yellow oil, having a specific gravity of 0.930 at

18° and a rotation of —26^ at 20^ C. in a tube of 20 cm.

Physics. — ''Tlie red lithium line and the spectroscopic determina-

tion of atomic iveights." By Prof. P. Zeeman.

In a former communication I showed that the red lithium line

6708 is a close doublet. The distance between the components was

found by a rough measurement to be of the order of a quarter

Angstrom. I now have been able to photograph the mentioned line

in the second order spectrum of a large Rowland grating. Using an

iron-arc spectrum in the third order violet, coinciding with the
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domain of the red lithium line in the second order, the distance oi

the components of the natural lithium doublet (6708) was now
measured and found to be 0,144 Angstroms. We can be sure only

of the second figure.

A reproduction of the lithium doublet is given in Fig. 1. of the

Plate. Fig. 2 is considered in the communication, immediately following.

It exhibits the outer components of the magnetically divided i)-lines

in the inverse effect, but it may be used now to give an idea of

the closeness of the lithium doublet, the two narrow sodium lines

due to the arc-light being also present. As the sodium- as well

as the lithium-doublet has been photographed in the second order,

the scale value can be derived from the first mentioned pair.

Rydberg, Kayser and Runge in their researches on spectrum series

have emphasised that the distances between the components of pair

lines in a group of chemically related elements increase with the

atomic weights. With sodium, potassium, rubidium and cesium, the

atomic weight is approximately proportional to the square root of

the distances between the pair lines.

The ratio of the difference I'l between the frequencies of the

components of the pair lines and the square of the atomic weight ft

should therefore be a constant. According to our observation the

difference of the frequencies for the lithium doublet is 0.32.

RiTZ ^) came to the conclusion, a result to which my attention

has been kindly drawn by Dr. Ladenburg, that for related elements

the difference of the constants p^ and p, <^'f Ritz's spectrum formula

divided by the square of the atomic weight is even more nearly

constant than the ratio — .

f*

Taking for Li') p=—O.OA.lbiO—p„ I calculate p, = — 0.047521.

We thus find for the alkalis:

U Na K Rh CS

^!lJ 3) 6.53 32.3 37.8 32.3 31.6
II-

iP2—Pi) •
IQ'

Q_o22 0.142 0.189 0.180 0.186

It appears that, if the data for lithium be included, there is no

question about a constancy of the proposed ratios in the group of

the alkalis.

1) RiTz. Oeuvres. p. 145.

2) RiTz. 1. c. p. 57.

8) The last four numbers according to Rydberg. Rapports, etc. T. II. p. 219.

Paris. 1900.
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A more general form of the rule first tested, has been proposed

by RuNGE^j: in ewery group of chemically related elements the atomic

weight is proportional to a power of the distance of the lines of

the doublet. Or expressed differently, when taking the logarithms

of atomic weight and of distance as coordinates, the corresponding

points in a gi'oup of chemically related elements are in a straight line.

Our graphical representation shows that for Na, K, Rh, Cs the

mentioned rule is beautifully fulfilled, but that lithium forms an

exception.

log. atomic weight.

loe. line distance

Hence we must conclude that the law connecting the frequency

difference of the com[)onents of pair lines and the atomic weight

is yet unknown to us.

One observation concerning the intensities of the lithium pair

6708 seems worthy of record. With very small vapour density the

violet component is the most intense. With increased vapour density,

a case to which Fig. 1 of the Plate relates, the ratio of the intensi-

ties is reversed and no more corresponds to that of the sodium

lines. With still greater density new absorption lines appear in the

vicinity of the lithium pair. They merit a separate investigation, but

they are probably of the same nature as the line groups observed

by Wood -) in the neighbourhood of several lines of the principal

series of sodium.

1) RuKGE and Precht. Pliysik. Zeilschr. 4. 285, 1903.

2) Wood. Phil. Mag. 18, 530, 1900.
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Physics. — Magnetic ?'esoIution of spectrum lines and temperature.

by H. R. Wo]-TJER and Prof. P. Zeeman.

An influence of the temperature of the source of light on the

magnitude of magnetic separation till now has been vainly sought.

There seems to be a possibility for such an influence, due to the

free electrons in the source of light, if we accept Ritz's theory of

magnetic resolution, at least in its original form. We thought it of

interest to inquire for such an action, now that we are able to

produce narrow spectrum lines of low temperature by means of the

small tubes of Wood and Zeeman ^). On the other hand we possess

sources of light of very high temperature, viz. the oxygen-acetylene

flame and the electric spark.

With these means for the magnetised source of light, Mr. H. R.

WoLTJER has made an investigation concerning magnetic resolution

at different temperatures. An exhaustive discussion only of the

results of the measurements, which shall be published in H. R.

Woltjer's thesis for ihe doctorate, can fix the maximum change of

the magnetic resolution. Besides, the magnitude of the resolution

the ratio of the intensities of the divided components is of

importance to theory. We have begun a separate investigation con-

cerning this subject. In the first place the behaviour of the line D^

was investigated. Under the influence of the magnetic field it is

resolved into six components, of which four vibrate at right angles

to the field and therefore under the same circumstances as to pola-

risation. The polarising action of the grating ^) and of the glass

sodium tube cannot change therefore the ratio of the intensities of

these four components. The reproduction in fig. 2 shows the outer

components of the magnetised absorption sodium-lines using one of

the above mentioned tubes (temperature 350° C). The narrowness

of the lines is well exhibited in the reproduction. The Figures 3

and 4 refer to experiments with a calc-spar rhomb placed before

the slit of the spectroscope, and a horizontal slit near the source

of light. The field of view is divided into three parts : one with the

horizontal, one with the vertical vibrations and the third due to

natural light *).

The photograph reproduced in Fig. 3 was made with a gas-

oxygen flame, which in later experiments (with similar results) was

1) R. VV. Wood and P. Zeeman, These Proceediügs. Febr. 1913.

2) P. Zeeman, These Proceedings, October 1907.

^) Gf. P. Zeeman and B. Winawer, These Proceedings. January 1010.
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Fig. 1. Lithium doublet (6708).

Fig. 2. Outer components of sodium lines of low

temperature in magnetic field

Fig. 3. Magnetised sodium lines in gas-oxygenflame.

Fig. 4. Magnetised sodium lines of 300° G.

Proceedings Royal Acad. Amsterdam. Vol. XV.
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replaced by an acetylene-oxygen flame. The temperature of the gas-

oxygen flame is estimated at 2000° C, that of the acetylene-oxygen

flame at 2400° C.

The temperature of the sodium tube, used for the experiment to

which Fig. 4 relates, was determined at about 300° C. by means of

a thermo-couple.

A comparison of the photographs 3 and 4 clearly exhibits a dif-

ference of the ratio of the intensities of the outer components. At

the higher temperature the outer components appear much fainter

in relation to the inner ones than at the temperature of 300° C.

A closer inspection shows that in the latter case also, the inner

components surpass the outer ones in intensity, but the difference is

less. If the density of the sodium vapour is increased, there is a

greater difference in the behaviour of inner and outer components

at the higher than at the lower temperature. We have the intention

to return to this point on a further occasion. It would appear that

we are able by merely changing the temperature to influence the

separate magnetic components and to change within certain limits

their intensities.

With the electric spark the outer components are relatively feeble

just as with the oxygen-acetylene flame.

It should be noticed that in the experiment to which Figui'es 3

and 4 relate, the temperature has been changed, but the pressure

as well.

In the glass tube the pressure is of the order of some millimetres,

whereas the total pressure — which according to Humphreys is deci-

sive in the phenomena of pressure-shift of spectrum lines, — in the

experiment with the gas-oxygen flame is equal to one atmosphere.

In a few cases Humphreys observed also a change in the relative

intensities of spectrum lines. Hence there would be a possibility that

the difference between figures 3 and 4 is partially due to a change

of the total pressure.

The effect now under review is of a rather complicate character.

Besides the DopPLER-effect, also the density of the vapour, the change

of pressure and the length of the path of the light rays must play

a part. Though apparently there exists an influence of temperature

on the aspect of the resolved lines under the circumstances of our

experiments, it cannot be denied that the interpretation of observations

concerning the amount of the separation is more easy. The compli-

cations mentioned are then eliminated.
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Chemistry. — "On a veto [winciple for the direct determination

0/ osmotic pressure'. By Prof. Eunst (buEN and G. de Bruin.

Direct determination of osmotic pressure in very dilute solutions

i. e. solutions which obey van 't Hoff's law, are of great interest

both to physico-chemists and biologists. As such measurements however

are attended with great difficulties, until

now physical chemists have generally

employed indirect methods, such as

lowering of the freezing point, eleva-

tion of the boiling point etc. Consi-

dering that in a dilute solution in

water a lowering of the freezing point

of Viooo c>f ii degree corresponds to an

osmotic pressure of 124 mm. water,

the superior accuracy of the direct

determination becomes evident. We
describe here a principle which avoids

the above mentioned difficultiec. The

vessel B in the figure is to receive

^1 -"^"^^

.*_>__

Cj!

IB :!

a dilute solution in water (for instance

of cane-sugar). Its bottom is formed

by a membrane which issemi-perme- ^
able with respect to this solution.

Copper ferrocyanide may be used

for the purpose. The vessel A con-

tains water. The top of B is tightly

closed with a stopper through which is passed a fine capillary tube

and a wire which carries the half of a reversible electrode. A cop-

perplate will serve. The other part of the electrode is put into the

water in A.

Tf B is new immersed in the vrater in A the liquid rises, as is

^ji^ell known, in the capillary. When it has reached a certain height,

say Ai, which is noted on a millimetrescale, the rise of the liquid is

stopped by introducing between the electrodes C and D (at P^

and Pi) a certain potential-difference (E^). According to the researches

of G. Wiedemann and those of von Helmholtz ^), we can write then:

P—h^=zkE, ....... (1)

where P is the osmotic pressure to be measured and ^ is a constant.

1) Gomp. G. Wiedemann, Die Lehie von der Elektrizitat; 1, 993 seq. Braunschweig

1893 Ghwolson, Lelirbucli der Physik. 4, (2) 583 Braunschweig 1903.
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If we cut out now the potential-difference E^ the liquid will rise

again in consequence of osmosis. When it has reached the heiglit

h.^, we stop it again by introducing a new potential dilFerence (/sj

between P^ and P^.

Now the equation holds:

P-h, = kE, (2)

From (1) and (2) it follows:

so that the osmotic pressure to be measured is known.

The great difficulties which arise when a semi-permeable mem-
brane is used for direct determination of osmotic pressure may thus

be avoided. These difficulties are

;

1^^ The long time needed to reach equilibrium. During this time

diffusion takes place with consequent change in the concentration of

the solution. In the above method the measurement is made at Ihe

beginning when the rise is greatest and is completed in a short time

so that diffusion is avoided.

2"^. That the semi-permeable wall is pressed on one side until

equilibrium is reached. Here, on the contrary, osmotic pressure is

compensated by the electro-endosmotic pressure ; consequently the

wall is not pressed.

3id- By the entrance of solvent the concentration within the cell

changes. Here, on the contrary, this change of concentration may
be avoided by making h^ and h.^ and also the internal diameter of

the capillaiy tube small.

One might inquire whether the laws of electro-endosmosis which

play a rule in the principle described, are valid when electro-en*

dosmis takes place through a semi-permeable membrane. It will be

shown later that it is possible to consti-uct the apparatus in such a

way that the principle holds even if this question must be answered

in the negative.

Utrecht, June 1913. van 't Roff-Laboratory,

Chemistry. — "The influence of pressure on the E. M. F. of the

lead-accumulator". By Prof. Ernst Cohen and G. de Bruin.

According to chemicn-l and thermodynamical investigations which

have been carried out recently ^) the reactions which take place in

the lead-accumulator when it is discharged (charged) can be represented

by the equation :

Ï) DoLEZALEK, die Theorie des Bleiakkumulalors", Halle I'JOl.

iJ

Proceedings R(jyal Acad. .Anislerdam. Vol. XVI.
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Discharge

PbO, 4- Pb + H, SO, :^ 2 PbSO, + 2 H,0.
Charge

By reference to tliis equation it is now possible to calculate a priori

the influence of pressure on the E. M. F, of accumulators of this kind.

This influence has been determined experimentally in the van 't Hoff-

Laboratory by Dr. G. Timofejrw, who will shortly publish his results.

The connexion between the influence of pressure on the E. M. F.

of a reversible galvanic cell (such as the accumulator is) and the

changes of volume which occur when the quantity of electricity de

passes through it, are given by the equation ')

/dE\ _ fdv\
\dp Jt.v \d8 jT.p

'

where E is the E. M. F. of the cell at the pressure p and dv

the change of volume mentioned.

This change can be calculated if the spec, volume of the systems

which are present before and after the passage of the quantity of

electricity ds are known, but it can also be determined experimentally.

While Dr. Timofejkw followed the first plan, we have employed

the second. A full description of our experiments will be published

before long in the Zeitschrift fiir

physikalische Chemie.

Two plates of pure lead (3 cm.

broad, 10 cm. long and 5 mm. thick)

were perforated as shown in the

diagram B. These were placed in a

glass-dilatometer (of approximately

150 cc. content) and fixed with com-

pound-glue in the holes CC. The

upperends of the plates were fastened

in a piece of ebonite in order to

avoid any contact. The glass cover

D was held in its place by means

of two spiral springs. The apparatus

was filled with diluted sulphuric acid

through the funnel GB. The fluid

was pressed into the horizontal part

of a capillary tube EF by means

of an india-rubber bulb. The stop-

cock H was then closed. The capil-

lary tube was placed on a milli-

1) Ernst Cohen and L. R. Sinnige, Zeitschr. fiii- physik. Chem. 67, I (1909).
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meterscale. I< is a connexion-tube made of gold or platinum. It is

necessary to use one of these metals in order to avoid an evolution

of gas, as the metal is in contact with the acid. Even the minutest

trace of gas will spoil the measurements.

After having repeatedl}^ charged and discharged the plates (this

was continuously done for 4 weeks) it was necessary to evacuate

the apparatus several times after having filled it with the acid.

Only in this way we were able to secure that the accumulator

remains free of gas during its decharge by a w^eak current.

After these manipulations the apparatus was ready for use.

As the whole forms a very sensitive thermometer the temperature

at the beginning and the end of the experiment must be absolutely

the same. It was therefore placed in a thermostat which was heated

electrically and whose temperature was kept very carefully at 15°.00

within 0^005.

The procedure was now as follows: The accumulator was inserted

in a circuit which contained a rheostat, a milliammeter and two

silver-coulometers. After the temperature and the position of the

meniscus in the capillary tube had been noted, the current was turned

on and the apparatus was kept at work for 20 hours. During this

time the meniscus slowly moved forward, indicating an increase of

volume. After turning off the current the coulometers were carefully

washed, dried and weighed. In this way the quantity of electricity

which had i)assed the cell was known.

In order to determine the increase of volume which accompanied

the reaction, the volume of that portion of the capillary tube through

which the meniscus had moved, was ascertained by filling it with

mercury and weighing the metal. In this way the following data

were obtained:

Experiment I.

Displacement of the meniscus 40.6 mm. = 14.92 mm\
Silver deposit in grams

:

Goniometer 1. Goniometer 2.

0,4304 0,4304

Increase of volume per gramaequivalent (Ag = 107.93)

3.74 cc.

Experiment TI.

Displacement of the meniscus 35.3 mm. = 12.98 mm^
Silver deposit in grams.

Goniometer 1. Goniometer 2.

0,4098 0.4095

11*
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Increase of volume per graraaequivalent

:

3.42 cc.

Experiment III.

Displacement of the meniscus 39.6 mm := 14.53 mm\
Silver deposit in grams.

Goniometer 1. Coulometer 2.

0.4073 0.4079

Increase of volume per gramaequivalent

:

3.84 cc.

As the experiments were executed with equal care, we take the

mean of our results viz. 3.67 cc.

Dr. TiMOFEJEW found in the way indicated 3.54 cc.

The agreement is satisfactory when we consider that PbO.^, the

density of which has so great an influence on the result, cannot be

obtained in a pure state as we shall show in our paper in the

"Zeitschrift fur phj^sikalische Chemie."

We wish to thank Mr. W. D, Helderman., who very kindly helped

'us in one of our experiments.

Utrecht, van 't HoFE-Laboratory, June 1913.

Physiology. — "Influence of alcohol upon the respiratory exchange

during rest and during muscular exercise". By Dr. C. J. C.

V. HooGENHUYZE and J. NiEUWENHUYSE. (Communicated by Prof.

0. Eijkman).

In an earlier publication ^) we have demonstrated the influence of

the temperature of the surroundings upon the respiratory exchange

during muscular exercise, our evidence showing that the latter occurs

more economically at a high than at a low temperature.

We have now set ourselves the problem how far under these

various circumstances the use of alcohol acts upon the respiratory

exchange.

For this the first essential was to find out whether the use of

alcohol affects the metabolism during rest.

Experiments on this subject have been published by Geppert ^)

1) C. J. G. VAN HooGENHUYZE and J. NiKUWENHUYSE : Influence of tlie seasons

on respiratory exchange during rest and during muscular exercise. Proceedings

Oct. 26, 1912,

~) Geppert Einwirkung des AUvohols auf den Gasweclisel des Mensclien. Archiv.

f. Exper. Patli und Ther. Bd XXII p. 367, 1887.
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and by N. Zuntz and Berdez ^) indicating that a moderate dose of

alcohol (30—75 cc) did not or hardly at all change the consumption

of oxygen and that accordingly the carbon-dioxide elimination had
diminished, because with like oxygen consumption alcohol produces

a smaller amount of carbon dioxide than other food stuffs.

In our researches we experimented on ourselves. We are neither

of us teetotalers, nor do we indulge in alcohol regularly.

In our rest-experiments we proceeded as follows : At 9 o'clock in

the morning the subject reclined in an easy chair. A determination

with the Zuntz —Geppert apparatus was made of the oxygen-intake

and the carbon-dioxide output. The subject then took at one time

60 cc of 96 7„ alcohol diluted with 90 cc of water. After resting

quietly for 10 minutes he breathed through the valves for another

10 minutes; samples of air were then collected for analysis in the

burets. This required about 6 minutes, so that in the first alcohol-

experiment it took place 20—26 minutes after the alcohol was taken.

An hour afterwards another test was made ; likewise a third at 3

o'clock in the afternoon.

In either case the subject breathed through the valves for 10

minutes before the air for analysis was collected.

In order to compare the results arrived at, alcohol and non-alcohol

experiments followed each other alternately, both categories being

carried out in precisely the same way, alcohol being exchanged for

an equal amount of water.

We subjoin the averages of experiments on J. N. during five alcohol days:

CO2 O2 Respiratory Quotient.

a. Before taking alcohol (9 o'cl.^ r,,n: ,
^ max. 227.9 9.0 r,imax. 255.4 ^ o^^ (max. 0.892

a. m.).
S ^min. 201.2 ^^^'^^min. 236.6

"•^^'
^min. 0.826

h 20 min affpr takinp- alnhnW mfi q "i
max. 201.4 ,;,rj c<imax. 260.4 ^ ^^r, tmax. 0.809

Ö. ZU mm. atter takmg alcohol.^
^y^-^^min. 190.0 '^^''^^min. 244.6 ^^^^mxxi. 0.765

c. I hour after b. 187.9 j";?^" 200-^ 251.5;"^^'
^^-S

0^4^
jmax. 0.781

^mm. 1/7.0 ^mm. 236.8 fmm. 0.687

d 3 oVlnrk n m r,, 4 c? imax. 232.7 r,cf^ r,^max. 267.5 ^ ^.c-c, max. 0.933
a. 6 Clock p. m. 214.3

j^j^^ ,g^g 250.2jj^j^_ 234.0 ^-^^^Jmin. 0.791

The means of 4 non-alcohol-days being the following:

CO2 O2 Respiratory Quotient.

h' 91/0 o'clock a m ^r». ^ imax. 235.7 r,-
,

^^max. 258.4 ^.^.q^ (max. 0.943
y /2

o Clock a. m.
^^^-ö^min. 214.9 ^''^•^\xmx\. 248.4

^"^^^
Jmin. 0.851

c' 1 hour after b' 211 1
imax. 218.2 5,^,0 oimax. 264.2 ^ oon S max. 0898c 1 nour atter ^11.1
.^^^^ ^^^^ ^^^-^^min. 239.4 ^-^^^^min. 0.752

d! 3 o'clock Dm 224 7 ^"^^^- ^39.3 ^.^ r, max. 250.7 r. q^q (max. 0.988a i o Clock p. m. 224.7
^^j^ 208.1 247-2,min. 242.2

^'^^^ \mm. 0.831

1) R. Zuntz und Berdez. Fortschritte der Medicin 1887. Heft 1. Beitrag zur

Kenntnis der Einwirkung des Weingeisles auf den Kespirationsprocessdes Menschen.
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With V. H. the averages of 5 alcoholdays were the following:

CO2 O2 Respiratory Quotient.

a. Before taking alcohol (9 o'cl. (I rj^^^. ^ max. 284.2 r>Qrjr>(|max. 303.8 f^(^f.o i max. 0.987
a.m.) ) -'^'^•"^min. 253.2 "^^^-"^/min. 283.9 "-^"^^min. 0.862

b 20 min after takine alcohol ^
2\(\\\^^^-'^^^-^ 902 0^"^^^' ^^^'^ 790 l"^^^"

^-"^^^
o. M mm. aiier laKmgaiconoi.^ ^'^-^ Imin. 170.5 "^^"^-"^min. 279.9 "'^'^"Imin. 0.606

r 1 hnnr flftpr /) 9,9 . (max. 234.7 ^r;^
,
imax. 295.4

f. ^.^ (max. 0.795
c.

1
hour after ö

^'^-^jmin. 196.3 ^^^-^min. 280.1 ^-^^^jmin. 0.690

d 3 o'clock D m 9590 ^"^^^- ^^^-^ 3oo=,imax. 347.3 ^-03 imax. 0.873
a. J o ciocK p. m. ^by.u

^^^j^ 225.2 '^''"•^^min. 310.2
"• '^"^

^min. 0.726

His averages on 4 non-alcohol-days were:

CO2 O2 Respiratory Quotient.

h> OIL a m 9^4 P< max. 304.8 ^q^ g^max. 309.7 ^ q^.^ (max. 0.985
^ ^ '2 ^- ^- ^^^-^imm. 238.5 ^^^-^^min. 283.7

^'^^^ (mm. 0.859

c' 1 hour after b' 222 4 ^"^^^- -""^'^ 283 4^"^^^' ^^^"^ 785 ^"^^^- ^'^^ *
6 1

nour drier o ^^^A
^^-^^ 205.3 "^"^'^^min. 270.8 "-'"^^min. 0.758

d' 3 o'clock D m r,f-f^
. i max. 291.6 ..^^o i( max. 318.4 ^^ ^.r. (max. 0.916a ÓC ciocR p. m. 260.4 ^^.^^ 237.O ^"^-'^min. 293.4

^-^^"^
jmin. 0.785

The 02-absorption and the C02-elimination are here expressed in cc. per min.,

reduced to 0° C. and a barometric pressure of 760 mm.

We see then that both on days with and without alcohol the

amount of carbon dioxide given off lowers in the morning, still

more so in the alcohol experiments whereas with N. the amount of

oxygen remains constant all day, with v. H. tiiis is the case only

in the morning. In the afternoon his ox^^gen value is higher on

alcoholdays than on the non alcohol-days.

It is therefore permissible to conclude that in agreement with

Atwater and Benedict's ^) researciies the alcohol is not only oxidized

(fall of the respiratory quotient COJO^) but also protects other mate-

rial from consumption in isodynamic quantity, anjdiow for some

hours after the taking in of alcohol, since the amount of oxygen

consumed remains constant. With v. H. however the oxygen values

are invariably a little higher in the afternoon on alcokol-days than

in the control experiments. It is extremely difficult to account for

this. If from the low respiratory quotient we should infer that the

alcohol has not been entirely oxidized (with N. also the respiratory

quotient was in the afternoon somewhat lower than the one before

the taking in of the alcohol and that on the non-alcohol days) we
might assume that after the lunch (which in v. H.'s case was more

substantial than the breakfast, though each in itself was about the

same every day) the metabolism is increased even more through the

influence of the alcohol than under the influence of the meal alone.

This tallies with our experience that in non-alcohol experiments also

V. H.'s oxygen values were higher in the afternoon than in the

morning.

1) Atwateb and Beisedict. Memoirs of the National Academy cf Sciences 1902.
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In N.'s case there was no such variation. His meals were about

the same.

After taking the alcohol in the morning the only effect experienced

by either subject consisted in their being rather more cheerful than

usual ; in the afternoon, however, they felt somewhat languid and

drowsy.
' We now passed on to our inquiry into the effect of alcohol during

muscular work.

Atwater and Benedict, who administer 72 gr. of alcohol a day

to their subject in 6 portions at different intervals, come to the con-

clusion that the utilization of the energy of the whole ration was
slightly less economical with the alcohol than with the ordinary

diet, especially when the subjects were at hard muscular work, but

the difference in favour of the ordinary food was very small indeed,

hardly enough to be of practical consequence. From this it follows

that the energy of the alcohol was utilized very nearly or quite as

well as that of the other fuel ingredients which it replaced.

Chauveau '), who gave a dog 48 gr. (:= 60 cc) of alcohol, so that

the animal got drowsy and consequently did less work, found a

decrease in the body-weight when compared with that of a control-

experiment, in which an isodynamic amount of sugar substituted the

alcohol. Though this evidence has been frequently quoted we cannot

appreciate its weight, as also other factors may be responsible for

the decrease, e. g. the loss of water through the diuretic action oi

the alcohol. Besides Chauveau detects a considerable fall in theCOj-

elimination and the Oj-absorption (15,3 7o) during the exercise under

the influence of alcohol. We do' not understand why he ignores this

altogether and only draws his conclusions from the variation of the

respiratory quotient. These conclusions are open to objection but no

attempt will here be made to refute them, considering that the dose

of alcohol administered to the dog was so disproportional to his

body-weight (about 20 K.G.) that no practical results could be obtained.

DuRiG ^) who made the same walking-tour in the mountains with

and without alcohol and compared the results, did not begin his

respiration tests before the quantity of alcohol (30—40 cc of 96 7o)

had presumably been oxidized (i.e. about two hours after taking it)

or when only the last small portions of it were undergoing the pro-

cess. He comes to the conclusion that, though the alcohol is oxidized

during the exercise and although part of its energy benefits the body

1) Chauveau, Gomptes rendus de I'Ac. d. Sc Paris, 1901, Tme 132.

2) DuRiG. Beitrage zur Physiologie des Menschen im Hochgebirge III. Pfliiger's

Arclnv 1906 Bd 113 p. 341.
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and is utilized in the exercise, the capacity for pei'forming a definite

sort of work is reduced under the influence of alcohol and a rise

in the metabolism takes place Whereas after taking alcohol the walk
took up 20 proc. more time only about 7 proc. of energ;y was gained

per time-unit, as calculated from the oxygen intake.

In our work experiments we used the bicycle with adjustable and

registrable resistance described in detail in our previous paper ^),

They were executed as follows : at 9 o'clock a. m. a determination

was made, the subject sitting quietly on the bicycle; subsequently

while breathing freely, he began to pedal for twenty minutes, the

brakeband being tightened in order to fatigue him before the expe-

riment proper. The work done in this way amounted to 570 K.G.M.

per minute. Then, on the so-called alcohol-days, 60 cc of 96 %
alcohol diluted to 150 cc was taken at one time and immediately

after the pedalling was begun, while the subject was breathing freely

for 15 minutes and thereafter for five minutes through the valves.

Now the resistance was such that the amount of work was the same

as in our earlier experiments, viz. 380 K.G.M. per minute. After

this the exhaled air was collected for the analysis while the subject

wsnt on pedalling.

One hour later the subject resumed the exercise, breathing freely

for J 5 minutes and through the valves for five minutes, the quantity

of labour performed being 380 K. G. M. per minute. Subsequently

the air was again collected for the analysis while the pedalling was

continued. The same process was gone through at 3 p. m.

To control our results we carried out precisely the same experi-

ments on other days without alcohol. The same person was subjected

to an alcohol test only every four or five days, so that getting used

to the influence of alcohol was out of the question.

Our individual experience was that, especially close upon the

taking of the alcohol the work was done with greater ease and

pleasure; but already the second time, i.e. about l^j^ hour later the

pleasure subsided, while in the afternoon the work was even a

little more trying than before.

Alternately four sets of experiments with alcohol were performed

and four without. The temperature at which the following tests were

made varied from 8^ to 15° centigrade.

The determination before the pedalling was made with a view

to noting any possible anomaly in the subject's respiration. The

gas-exchange proved to be rather constant and the fluctuations

comparatively slight.

1) C. J. G. V. HooGENHUYZE and J. Nieuwenhuyse 1. c.
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J. N. : with alcohol :

a. during rest (before alcohol)

b. 20 min after alcohol
{

(pedalling) S

c. 1 hr. after b (pedalling)

d. 3 o'clock p, m. (pedalling)

without alcohol:

CO2

on I Q ^max. 209.6

^"^•^^min. 186.9

f-^..S max. 657.0

"^^•^^min. 614.1

ACQ fii max. 697.6

^^^•"^^min. 603.7

^max. 775.7

^min. 669.5
723.5

O2

0A\ 9^max. 252.7

-^^-'^^min. 230.4

.701 i^max. 740.6

'-^•^min. 696.0

^QP, Q^max. 830.8

'^"•^^min. 785.4

cj,o i^max. 824.9

^'•^•'^min. 790.4

a' during rest

b' 20 min. after drinking water
\

(pedalling)
]

c' 1 hr. after b' (pedalling)

d' 3 o'clock p. m. (pedalling)

V. H. with alcohol:

CO2

9^- , (max. 215.2
^"^•'

^min. 187.7

-,(.(, ,
imax. 739.6

'"'^•'
/min. 685.0

~,^r.
,
^max. 723.6

'"-^ /min. 664.9

itn.c^ (max. 725.1

'^"•"/min. 694.9

a. during rest (before alcohol)

b. 20 min. after alcohol
\

(pedalling) (

c. 1 hr. after b (pedalling)

d. 3 o'clock p. m. (pedalling)

without alcohol:

a' during rest

b' 20 min. after drinking water
[

(pedalling) S

c' 1 hr. after b' (pedalling)

d' 3 o'clock p. m. (pedalling)

CO2

p.c r, imax.
^^^•^/min.

g3j.7jmax.
/mm.

'^^•^/min.

O2

254 <=S^^^-
^^*-^/min.

805.9J;;;-;

soi-e^fn.-

258.1

248.3

836.6

780 3

869.6

778.6

817.4

785.9

resp. quotient

n 004 (max. 0.880
^^-^ {mm. O.lbb

f.„^Q(max. 0.8!>7
"•^'^

/min. 0.844

f^
Q^c imax. 0.850

"•"-^^/min. 0.840

^j,QP,
max. 0.940

^•^^°
/min. 0.827

resp. quotient

0.805 i^^^^-S'S/mm. 0.756

f. g^Q (max. 0.884
"•"'^

/min. 0.876

nono (max. 0.910
^•^'^

/min. 0.825

n QCK imax. 0.923
"•^^*^

/min. 0.850

resp. quotient

264.0

245.2

696.6

599.8

789.3

664.0

oni ^(max. 326.0 r.rs.~, (max. 0.870

^"^^/min. 290.0
^•°*'

/min. 0.810

^QT fiSmax. 805.0 ^ qtq imax. 0.865

^^'•^min. 773.1
0«13 .„:„ n n.o

Q9q ^(max. 941.7 a nco
^-''•"/min. 904.6

"-'^"^

/min. 0.763

max. 0.840

min. 0.705

gQ^ g imax. 844.5
g^_^ j

(max.1001.0
q g^2 ^max. 0.879

751.3 /min. 901.0

COo Oo

?min. 0.834

resp. quotient

9^0 t imax. 257.5 ^q^ -^ (max. 303.5 ^ „r,, imax. 0.891

^"•^/min. 228.7 ^^'-"^/min. 285.6
""^"^

/min. 0.754

T,n n imax. 801.3 j.^- _ imax. 885.9 r. Q.r imax. 0.904

""•"/min. 642.7
*"*''

/min. 811.9 "-"^^/min. 0.792

Q imax. 744.0 gcg 1 imax. 908.1
^ g..^ imax. 0.858

698

749.7

/min. 676.2

(max. 767.9

min. 735.2
894.3

/min. 818.6

max. 914.8

min. 880.2
0839

/min. 0.767

max. 0865
min. 0.816

It appears from these data that the instantaneous effect of alcohol

is that both the carbon dioxide values and the oxygen values are

lower than those on non-alcohol days. Tiie rise of the (),-consumption

entailed by the muscular exercise in the case of N. is at the be-

ginning of the period about 13.6 7o ^^ss on alcohol days than on

non-alcohol days, although the physical exertion is the same, one

hour later the difference is still 2.8 7o- With v. H. this difference

is 10 7o at the beginning. One hour later the average oxygen con-

sumption is higher than in the control-experiments (0^ 11.2 7t,)-

In the afternoon also both numbers are in the case of v. H.

higher on the alcohol days than un the other (0^ 7.6 7o)- Similarly

with N., but his variations are very small indeed.
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Whereas with N. there is a lack of uniformity in the respiratory

quotient, a gradual decrease is to be noted on v. H.'s alcohol days;

in the afternoon however the original value returns.

Since the experimental evidence here reported goes to show that

alcohol exalts the economy of muscular activity, at least at the

outset, and since, as stated heretofore, it appeared from our previously

published experiments that a high temperature renders muscular

work less economical, we have endeavoured to ascertain whether

this unfavourable influence could perhaps be arrested or lessened by

alcohol, in other words we have tried to solve the question as to

whether alcohol has any action on respiratory exchange during

muscular exercise and at a high temperature.

These experiments were in every respect conducted as described

above. Particular attention was given to keeping the room-temperature

well above the limit found by us heretofore (21.5°) and also to

keeping the relative humidity approximately constant and corre-

sponding to that of the lower temperatures of from 50°—60°.

The following averages were found:

N. at a mean temperature of 28° C.

with alcohol: ^^ ^ r» • ^ i^ i- i.

CO2 O2 Respiratory Quotient

. .u 4: , I, n onnfiiniax.219.1 o^, o fmax. 267.4 ^ .^^^ ^max. 0.819
a. during rest (before alcohol) 200.6

jj^jj^ 19Q2 ^^^-^(mm. 252.0
"''^^

^min. 0.719

. , , J „• ^noQnimax.761.0 00, . ^max. 910.1 ^.^r,^ ^max. 0.849
b. 20 min. after alcohol(pedalhng)723.0'^^i^gg4g ^^'-^jmin. 830.2

"•^'^"
^min. 0.786

,, ^ „„, _^ max. 830.5 Qr,^.-, ^max. 979.0
f.
j..q imax. 0.872

c. 1 hr. after Ö „ ^81.5
Jj^j^^o^o

^20.2
j^j^_ g^-, q 849

^^^i^ Q_g32

^ , , . nnnA i^ax. 923.2 Qoo rt imax. 1040.0 ^ Qr.r. (max. 0.925
d. 3 o'clock p. m. „ 900.4j^ij^_ggs2

992.3
j^^j^^ 9554 0-908

j
min. 0.874

without alcohol:

CO2 O2 Respiratory Quotient

, , .

, ^^^oimax. 216.4 ^..^ (max. 281.8 ^^-,^2 ^"^^^^ 0-818
a' during rest 202.9 ^^-^ jg^ 5 266.6 ^^-^^ 256.3

0- -'^^
^min. 0.720

b' 20 min. after drinking water 868.0 (max. 890.0 q., ^ (max. 972.1 ^ q^,. (max. 0.981

(pedalling) imin. 847.2
941-

i ^^in. 890.6 "-^^^Jmin. 0.886

, ,u ,. u, Q-Kt;(max. 869.6 Q.^-f. (max. 1002.0 ^^j^n^ (max. 0.882
c' Ihr. after Ö'

„ 845.5jj^j^_ gjQg
966.0

j^j^ 932^ 0.876
^^^j^^ ^ggg

J, o ., , noQ c; (max. 951.5 inoociimax.l 117.0 f^Qf^r (max. 0.934
d' 3 o'clock p. m. „ 923.5

|^j^_ gg-, g 1022.5
j^j^ gg4 2 0-905

^^j^ ^354

v. H. at a mean temperature of 28° C,

with alcohol: ^ ^ . ^ ^ ^- i.

CO2 O2 Respiratory Quotient

J .rut ^ uu o«^ Q (max. 273.0 ^,..5 (max. 336.7 ^^ooq (max. 0.874
a. during rest (before alcohol) 264.3

j^^j^ 256.4 ^^^-^jmin. 304.4 0-8>39jj^ij^ 0.8II

,,,,.„. s onn c (max. 907.8 ^n- n^ max. 1075.0 ^^ 0^0 (max. 0868
b. 20 min. afteralcohol(pedallmg) 800.5

j^^j^ ^^9 9 99^.9
j^j^^ 9^3 g 0.803 ^^-^ q -,^3

,u *. / 0.0 e imax. 943.6 ,f..RQ (max. 1168.0 ^.,00 (max. 0.892
c. 1 hr. after b „ 842.8

J^^j^^
^392 1056.9

jj^jj, g-^gg 0.799
j^^jj^ q^^^j

^ o ., ,
„^tf,(max.l081.0i,f.r,Q(max.l241.0 f.«^^(max. 0.927

d 3 o'clock p. m. „ 965.9
j^j^_ 829.6

^ ^02.9
jj^.j^_ 99g_g

0.876
^j^j^^oggQ
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without alcohol:

.

CO2 O2 Respiratory Quotient

« during rest 251.6 j-f^il'
308.2*-- 319.5

0.8I6 j-- »;^05

y 20 m>„. after water(pedalling) 818.3*-- ^57.4
,048.9 ;--1^34.0 0.837 J--»^

c' 1 hr after Ö' 004 o imax. 987.0
.^.^f. p. imax.l 110.0 -. ^oo ^max. 0.889

c 1 nr. atter „ 8»4.ö
^^j^ .^g^ .^ 1060.6

^^^j^^ 9^2.5
"-^^^

imin. 0.786

w' 3 o'clock D m 040 c5\max.l052.4,f.Q.Q(max.l 174.0 ^ofiQ^max. 0.938a 6 ociocK p. m. „ yiö.ci^^jj^
885.3 '"^^-^imin. 999.9

^-^^^
}min. 0.806

These figures go to show again that at this high temperature al-

cohol had a similar though less marked influence than at low tem-

peratures, since, half an hour after taking the alcohol, with either

subject the values of the carbon dioxide output and of the oxygen

intake are smaller than in the control-experiments (with N. a diffe-

rence of 8 7o Oa» with V. H, 8.1 7J; after IV, hour, however, v. H.

shows no difference and N. a smaller one (5.8 7o) ; i" the afternoon

again we observe rather the reverse, though the differences are

insignificant.

In comparing the data reported in this paper they will be found

to lend support to our previous experience, viz. that muscular work
is done less economically at a higher than at a lower temperature.

Furthermore we shall see that in both cases alcohol, shortly after

being taken in, has a restraining influence upon the respiratory

exchange, in other words the muscular work is performed more

economically. However, this influence gradually weakens (with one

subject sooner than with another) and ultimatel}' even alters more

or less to the opposite. The fact that with the one subject. (N.) the

favourable influence lasted longer than with the other (v. H.) may
be attributed to an equal dose of alcohol (60 c.c. of 96 7o) being

taken in by either, while their bodyweights differ considerably. N.

weighs without clothing 707., K^.G., v. H. 877, K.G.

Our results do not bear out Durig's experience in every respect.

Probably this is mainly due to the circumstance that he started his

experiments when in all likelihood the alcohol had been entirely oxi-

dized, in consequence of which the favourable action at the begin-

ning of the period, as detected by us, escaped his notice. Neither

did we find that the action at the end of the period was as un-

favourable as was implied by Durig's results.

In our opinion the weak point in Durig's experiments is that the

work performed in the time unit had not, as in our experiments,

been carefully and equally apportioned, but had virtually been left to

chance. In consequence of this the alcohol tests always lasted much
longer than the non-alcohol tests. Therefore his tables of results with
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and without alcohol can hardly be compared the one with the other.

To Atwater and Benedict's experiments it must be objected (as

DuRiG has also pointed out) that their determinations covered lengthy

periods at the close of which a favourable influence may have been

neutralized by a subsequent unfavourable action, so Ihat the totals

do not vary much and are not typical of the real process.

Our conclusion is that directly or indirectly alcohol not only pro-

duces energy for muscular exercise, hut also that after the taking in

of alcohol the latter occurs more economically at the outset, even

under the unfavourable condition of a high temperature of the sur-

roundings. This favourable influence of the alcohol gradually decreases

and ultimately alters to the opposite in one of the subjects.

Utrecht. Institute of Hygiene.

Piiysiology. — "On fibrin in sol and gel state. Likewise a contri-

bution to our knowledge of the blood-coagulation problem." By

E. Hekma. (Communicated by Prof. Hamburger).

(Gommunicated in the meeting of April 25, 1913).

The coagulation of blood is based, as we know, upon the transition

of a coagulable albuminous substance, found in circulating blood

and called fibrinogen, into a solid substance, fibrin.

Fibrin forms threads, fibrils; these fibrils may form a network

which can enclose the blood-corpuscles. Hence, when the blood

which flows from a wound coagulates, a plug is formed which

can close the wound, whilst if for instance the blood, spouting from

an opened blood-vessel, is left to itself in a glass, the fibrin-network

with the enclosed blood-corpuscles forms the so-called blood-clot.

If, however, the blood, flowing from a blood-vessel is not left to

itself, but beaten up, then the fibrinogen is turned into fibrin in the

form of a compact, white mass of fibrils. This fibrin, however,

should not be looked upon as pure fibrin, that is to say as the

coagulated substratum of fibrinogen. For besides the latter substance,

which forms its main component part, blood-platelets and likewise

red blood-corpuscles and leucocytes oi' rests of them, not to mention

other substances, pass into the fibrin.

The study of the problem relating to the nature of blood-coagu-

lation, in other words the formation of fibrin is mainly occupied

with two questions. First with the question : what relation exists

between fibrinogen and fibrin, and secondly: what agents cause

fibrinogen to pass into fibrin.
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Üntill now next to nothing was known of the former question,

whilst the hitter has given rise to a great many investigations which

have resulted in more or less divergent theories, without a definite

solution of the problem being arrived at. Tlie latter circumstance is

naturally connected with the former; as long as the nature of the

relation between tibrinogen and tibi-in, the base so to speak of the

problem relating to blood-coagulation, was unknown, a solution of

this problem could hardly be expected.

As I believe that my. investigations bearing on this subject have

brought to light the nature of the relation between fibrinogen and

fibrin, I beg leave to give the following shorty account of the

researches which have led to this result.

Beforehand it should be observed that originally it was by no

means my intention to occupy myself with researches in this

direction. It was rather some observations, made in the course of

experiments, undertaken for another purpose, which suggested to

me a series of investigations relating to fibrin, with a view to the

problem of blood-coagulation. I had observed, for instance, that an

addition of an acid, to a solution of fibrin in strongly diluted NaOH
caused a precipitate, which, after being left to itself for some time,

was found to have passed into a fibrous coagulum. This observation,

which naturally struck me verj much, was first made with phos-

phoric acid and afterwards also v/ith other acids ^).

When subsequently it was investigated more closely under what

experimental conditions coagulation in fibrin-NaOH solution took

place when an acid was added, it appeared

:

1. that by adding drops of HCl of a rather high concentration,

to a fibrin-NaOH-solution, an acid coagulum in an alkaline medium
could be obtained, which coagulum disappeared again when it was
shaken and could be produced again by the addition of more HCl,

as long as the fluid gave a distinctly alkaline reaction.

2. That by an addition of so much ROl, either gradually or at

once, that, the solution was about neutral a permanent coagulum

could be obtained.

3. That likewise a permanent coagulum was obtained by an

addition of so much HOI that the medium became strongly acid.

4. That an addition of so much HCl that a feebly but distinctly

1) The fibrin-NaOH-solulion had been obtained by exposing ordinary fibrin to a

strongly diluted NaOH-solution (e.g. 0.3%,). The fibrin swells in it strongly, the

swollen mass gradually passes into a liquid state and finally forms a thin liquid

solution. Such a solution, after being filtered, was used for the experiments.
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acid reaction of the medium set in, caused a coagulum, formed in

a neutral medium, to disappear again.

5. That the coagulum, mentioned sub 1—4, consisted of a sponge-

mass of fibres.

From these experiments it might be concluded that a solution of

ordinary fibrin in strongly diluted NaOH, contained a substance

that could be obtained as a flake-like precipitate by an addition of

HOI, which precipitate was found to agglutinate in tibres a. at an

alkaline, />. at a neutral, c at a rather strongly acid reaction of the

medium; these fibres, in their turn, formed a net- or spongework,

a real coagulum, which coagulum could be dissolved in strongly

diluted NaOH and in strongly diluted acid.

Further it appeared that this coagulum, formed at a neutral reac-

tion, not only dissolved again in a dil. NaOH-sol., but also that in

this solution a new coagulum could be obtained by neutralizing

this solution, and also by acidifying it rather strongly. And conver-

sely, if the coagulum was dissolved in strongly diluted acid, a

coagulum could be obtained from this solution by neutralizing it

with NaOH.

It followed that we had to deal with a coagulating substance,

derived from tibrin, which could be made to pass from a sol-state

ii;ito a gel-state and back again.

Now the question suggested itself what remarkable substance this

might be.

Must it be assumed that the fibrin, when dissolved in NaOH, had

been decomposed, forming meanwhile a coagulable substr^nce hitherto

unknown, a substance derived from fibrin itself or from one of its

accompanying substances such as: blood-platelets, red and white

bloodcorpuscles ?

Or might it be that the fibrin when dissolved in NaOH, had not

been decomposed, but had passed into a colloid solution, that there-

fore we might have to do here with tibrin in a sol-state, with an

alkali-hydro-sol of fibrin, from which state it might be brought

again into a gel-state by an action of acid, with or without the help

of a fibrin-ferment?

It will be readily understood that I hesitated in making the latter

'supposition. First because it was diametrically opposed to the gene-

rally received opinion that fibrin must be looked upon as an irre-

versible gel. And secondly it seemed strange that fibrin coagulation

should take place in a strongly acid as well as in a neutral and

alkaline medium.
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Yet the new problems which had presented themselves so unex-

pectedly, were fully deserving of attention. Not only from a general,

biological or a colloid-chemical point of view, but also because it

was clear that the solution of these questions might open new views

on the important problem of the nature of blood-coagulation, and

perhaps also on that of thrombus-formation.

These questions were therefore submitted to n further investigation.

In this investigation it had to be determined in the first place

which part of the fibrin produced the coagulating substance, either

the fibrin proper, as I began to suspect, or the attendant substances.

Therefore pure phrin free from blood-corpuscles was experimented

on. This pure fibrin was obtained from bloodplasma which was

kept fluid by receiving the blood in an equal volume Na-fluoride-

solution of 1—2 7o» or in a citrate-NaCl-solution.

The blood taken from cow or horse, and kept fluid in this man-

ner, was centrifugated until the fluid at the top had become clear,

when the red and white blood-corpuscles and the blood-platelets

were obtained as a sediment.

This clear fluid, which contained "fibrinogen", the parent sub-

stance of fibrin, was removed with a pipette and left to itself.

After some time, (from a few to 48 hours) a spontaneous coagulum

had been formed.

The coagulum thus obtained, was filtered off" and the filtrate was

again left to itself. After a shorter or longer period a new coagulum

was found in the filtrate. This process of partial coagulation was

repeated 3 or 4 times, the coagulum obtained from the last filtrate

being used for the experiments. This somewhat lengthy method was

followed in order to have the greatest possible certainty that all

blood-corpuscles, including the blood-platelets, had been removed,

so that the fibrin was obtained in as pure a state as possible.

The somewhat coloured coagulum thus obtained, grew white

when washed with water, and consisted of a mass of elastic fibres.

It soon appeared that this pure fibrin dissolved readily in strongly

diluted NaOH, Naj CO3 and in strongly diluted acids, wdiich solution

was preceded by a short stage when the fibres were visibly swol-

len. The swollen fibres were absolutely transparent, as clear as

glass, not turbid ly transparent as I had observed in the case of

ordinary fibrin.

I shall first describe some experiments, made with solutions of this

pure fibrin in diluted acids, for instance in 0,1 "/o orthophosphoric acid.

These and the following experiments were always carried out at

room-temperature.
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was added, so that the fluid became about neutral, a very thin haze

was formed, whicii after some time was found to consist of very

fine threads which were dissolved again by the addition of some

more NaOH. If, liowever, the latter solution was neutralized again

by diluted acid, the coagulum of fibres appeared again ; we evidently

had to do here with a reversible process. The fibres were also formed

if to the fibrin-orthophosphoric-acid-solution di- or trinatriumphos-

pliate were added, both, alkaline solutions as we know.

If now the coagulum caused by Na,HPO, or by NajPO^ in a

fibrin H^PO^ solution was thoroughly washed in water and exposed

again to strongly diluted HjPO^, the coagulum was dissolved again,

whilst an addition of Na^HPÜ^ or NajPO^ again effected a coagulum.

Secondly some results may be mentioned, obtained in experiments

with solutions of pure fibi-in in strongly diluted NaOH.

Neutralization with diluted H3PO4 first caused a hazy precipitate

which turned into fibres. With various other acids the same results

were obtained. An addition of somewhat too much acid, so that

the fluid became distinctly acid caused the coagulum to pass into

solution again; it could, however, be produced again by neutralizing

this solution.

If to a solution of pure fibrin in 0.1 7„ NaOH drops of NaH.PO,,

which as we know gives an acid reaction, were added, a precipitate

was formed which, often after a few minutes already, passed into

a network of fibrils.

Here too it could be observed that whilst at first the fibrous

substance was distributed over the whole fluid, after some time the

coagulum settled upon one of the sides of the test-tube, whence we

may conclude that the coagulum must possess the power of retraction.

If this coagulum, after being washed with water, was exposed to

a 0.1 7o NaOH-solution it was dissolved again, while the addition

of an acid or of an acid phosphate of Na brought out again a very

fine coagulum of fibres, often after only a few minutes.

Acid phosphate of Ca was found to effect coagulation in fibrin

NaOH-solutions under the same circumstances as acid phosphate of

Na. To a certain extent there was a difference, however, as the

coagulum, obtained by acid phosphate of Ca, even after being washed

thoroughly, did not dissolve so easily in dil. NaOH as the coagulum

caused by acid Na-phosphate.

It seemed interesting to find out if a weak acid such as CO3

would act in a similar way on fibrin-NaOH solutions, as the other

acids and acid salts, mentioned above. And it appeared indeed that
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an addition of an equal volume of water, containing CO^, to a fibrin-

NaOH-solntion, brought about turbidity and a subsetnient eoaguluni

of libres. As a rule I saw already after some minutes that flakes

were formed round the beads of CO^, which had adhered to the

side of the test-tube. These flakes formed the starting-point for further

thread-formations. The beads of CO^, being weak acid-centres with

a great surface, became the starting-i)oint of the coagulation, a

mechanical factor playing undoubtedly a certain part since on the

precipitate or coagulum, formed at the surface of a CO^-bead, other

precipitated colloid particles could settle.

Besides with fibrin-solutions in diluted NaOH, experiments were
also carried out with solutions of pure fibrin in strongly diluted

NajCOg-solutions. Fibrin was found to dissolve very well in diluted

NajCOa-solutions, whilst on the other hand it was insoluble, or

almost so, in solutions of NaHCOg.

The results, obtained with solutions of fibrin in diluted Na^CO.,,

were entirely analogous to those obtained with fibrin-NaOH-solu-

tions, as appears from the following example, which may also serve

to prove that a CaCO^-sohition could effect coagulation in fibrin-

NajCOj-solutions, which was indeed also the case, though it was

not nientioned before, in fibrin-NaOH-solutions.

Pure fibrin was put in a 0.2 7o Na^COg solution in which it

dissolved rather easily.

To 10 cc. of this fluid were added

:

1. 10 cc water containing CO^.

2. 10 cc water containing CO^ -{- 1 cc of a 0.47o CaCl2-solution.

3. 10 cc of a 0.47„ CaCl^ solution.

The result was as follows

:
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slowly. It seemed as if CaCla, or Ca changed the coagulating sub-

stance in such a manner that it was difficult to dissolve it in strongly

diluted NaOH. With regard to CaCl.^ it appeared, therefore, that a

fibrin-NaÓH-solution (and also a fibrin-Na^COa-solution) had the same

properties as are known of fibrinogen-solutions.

From the foregoing experiments it follows therefore

:

That, like impure librin, also pure fibrin, free from blood-cor-

puscles, could be dissolved by strongly diluted NaOH or Na4C03,

and by diluted acids. That the tibrin-solutions in alkali contained a

substance which, under the action of acids (also of COJ and likewise

of CaCij sol., could be obtained as a fibrous coagulum, whilst solutions

of strougly diluted acids could bo made to coagulate by diluted alkali.

Whilst, however, the impure fibrin could be dissolved by dil.

alkali or acid, only after several days, the pure fibrin was discovered

to pass into solution in a much shorter time, often after only a

few minutes.

Without entering into the question if it loould appear afterwards

ivhether a coagulating substance might be obtained from attendant

substances of impure Jibrin more particularly from its blood-cor-

puscles or their component parts, these ej'periments justifed the con-

clusion that at any rate pure fibrin, the coagulated substratum of

fibrinogen, inhen dissolved in diluted acid or alkali, supplied a sub-

stance ivhicli could again be made to coagulate.

Meanwhile, I had grown more and more convinced in the course

of these experiments, that 1 had not got to deal with a new coagul-

able substance, formed from fibrin wdien it was dissolved, but with

fibrin itself in sol- and gel-state.

And as the coagulation of fibrin is generally attributed somehow

to the action of a ferment (fibrin-ferment), it stands to reason that

repeatedly the question suggested itself if the coagulation in the fibrin-

solution, under the action of acids or alkali or CaCl^, would have

to be attributed to an action of these substances only, or if it might

also be due to a ferment-action.

It was found that the latter, not unimportant question had to be

answered in the negative, at least if it may be assumed that such a

ferment would be destroyed by being boiled.

For coagulation could be effected in fibrin-alkali- and also in

fibrin-acid solutions, even aftei' they had been boiled, under exactly

the same circumstances as in the case of the unboiled solutions.

The results, hitherto obtained, gave i-ise to the following provisional

conclusions :
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1. That in the solution of tibiiii in strongly dilr.ted NaOH oi'

Na^CO, or in strongly diluted avid, we have not a new coagulable

substance derived from tibrin, but a transition of the gel-fibriii into

the sol-state.

II. That undei' certain experimental conditions, fibrin from its sol-

state, can be made to pass again into its gel-state whilst forming an
elastic coagulum, the cooperation of a ferment" being found to be
unnecessary.

III. That, therefore, tibrin must be looked upon as a reversible gel,

the sol-state of which can be compared, or is identical, with blood-

fibrinogen in solution.

If these results might indeed be looked upon as conchisive, they

would evidently furnish an eiitnely new foundation for the solution

of the problem relating to the nature of blood-coagulation.

These preliminary conclusions, however, and more especially the

third would have to be confirmed by fuj-ther proofs if they were to

be accepted without reserve. It seemed to me that one woiUd be

justified in considering the formulated conclusions proved, and more
especially III, if it could be shown :

J. That in übrinogen-solutions, more especially in natural fibrinogen

solutions, coagulation could be effected under the same conditions

as it had been effected until now, eithei- in fibrin-alkali- or in

fibrin-acid-solutions.

2. That fibrin-alkali- or fibrin-acid-solutions could be made to coa-

gulate not only by acid or alkali, but also by those factors by which
"fibrinogen-solutions" generally coagulate.

3. That saturated salt-solutions, such as NaCI or NaFl-solutions,

act upon fibrin-alkali- or fibrin-acid-solutions in the same way as

upon plasma which has been kept fluid or upon fibrinogen-solutions.

Ad 1. To investigate the first condition centrifugated plasma, kept

fluid by a NaFI or citrate NaCl-solution, was made use of, and
likewise of a transudate which did not coagulate spontaneously and
was almost free from blood-corpuscles, which transudate had been

obtained from a patient suffering from ascites. It appeared now that

these fluids did not coagulate when strongly diluted NaOH was added.

On the contrary, an addition of only slight quantities of NaOH-
solution retarded the spontaneous coagulation of the fluid plasm, aiul

if somewhat more of the diluted alkali-solution were added, sponta-

neous coagulation did not take place at all.

The results obtained with diluted acids and acid salts were entirely

different. By an addition of a trace of acid, coagulation took place

12-
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within 15 minutes as a network or rather a spongy mass of fibres,

in a NaFl or citrate NaCl plasm in which no spontaneous coagulation

took place within 24 hours. The same thing was found to be the

case with the ascites-tluid, a transudate which did not coagulate

spontaneously. This result was obtained with all sorts of acids, also

with CO,. The coagula obtained, could be dissolved again in alkalies

or acids whilst in these solutions coagulation could be effected again

by neutralization of the dissolving ikiid.

Plasm loliicli luas kept Jiuid, and likeivise a transudate which did

not coagulate spontaneously, were, therefore, found to present a great

resemblance lüithfibrin-alkaJi-solutions and not with fibrin-acid-solutions.

Ad 2. The second condition viz. that fibrin-alkali or fibrin-acid

solutions must be coagulated by those factors which coagulated

fibrinogen-solutions, was also satisfied. What is the characteristic of

a fibrinogen-solntion ? That by the action of blood-serum or by

organic extracts, as containing "fibrinferment", it coagulates and

passes into fibrin.

Now solutions of pure fibrin in strongly diluted NaOH also had

this property. If for instance to a solution of pure fibrin in NaOH
0.05 "/„, an equal \'olume of serum was added, a coagulum was

formed within a few minutes in the shape of a spongy mass, whilst

within 15 minutes a jelly like coagulum seemed to have been

formed so that the test-tube could be held upside down, without

more than a few drops of fluid running out. This seemingly jelly-

like coagulum turned out to be a \'eiy dense fibrous, spongy mass,

for when it was shaken well it separated into fluid and a small

clump of fibrils.

A test with the ascites-fluid, which might be looked upon as a

natural fibrinogen-solution, revealed that its action on serum was

identical with that of the fibrin NaOH-solution ; here too a jelly-like

coagulum was formed, which was in fact a fibrous, spongy mass,

filled with fluid. Evidently in both cases the fibrous mass which,

on the coagulum being shaken, was found to have such a small

volume, was yet capable of enclosing all the fluid, so that the

coagulum had the appearance of being a homogeneous jelly. Similar

coagula were obtained by the addition of serum, in fibrin NaOH-

solutions, the fibrin of which was supplied by the blood of horses as

well as cows. Nor was the action of the serum at all a specific one, for

cow- as well as horse-serum effected coagulation in solutions of cow-fibrin.

Besides, this appeared already from the fact that cow's as well

as horse's serum effected coagulation in a human ascites-fluid as I

observed before.
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Like serum, watery organic extraots, for instance a watery extract

of calf's thjmus-gland, were found to effect coagulation in fibrin

NaOH-solutions and in ascites- fluid.

Ad 3. Thirdly fibrin-NaOH-solutions would have to act upon
saturated NaCl- and NaFl-solutions in the same way as fibrinogen-

solutions, such as plasm which is kept fluid or transudates.

By the addition of an equal volume of saturated NaCi-sol. to

fibrin-NaOH-solution, flakes and jelly-like strings were obtained,

just as when an equal volume of saturated NaCl-solution was added

to plasm which was kept fluid or to ascites-fluid. A saturated

NaFl-solution immediately effected coagulation as a rule, and that

in all 3 fluids. The agreement in both respects between fibrin-NaOH-

solutions on the one hand, and plasm which is kept fluid and
ascites-fluid, on the other, was, therefore, a striking one.

The result of these series of experiments removed all doubts as

to the accuracy of the foregoing provisional conclusions. / felt

absolutely certain Jioiu that fibrin can be brought from a gel-state

into a sol-state and vice versa. And moreover that the sol-state, caused

by the solution of fibHn in strongly diluted alkali and not the one

obtained by the solution of fibrin in diluted acid, must be considered

identical loith ''fibrinogen" as found in blood and body-fluids.

.How are we to conceive the transition of flbrin from the gel-state

into the sol-state under the action of diluted alkali or acid, and

also the return from the sol-state to the gel-state under the influence

of this action ?

The following experiments and considerations may supply an

answer to this question. The ordinary impure flbrin, as formed

when blood is beaten up and likewise pure flbrin, formed at

spontaneous coagulation of plasm which is kept fluid, contains a

certain amount of water, is swollen to a certain extent. By drying

the washed-out fibrin, for instance by exposing it to the air, this

water evaporates. The dried fibrin is brittle, hard and not elastic.

If, however, the dried fibrin is placed in water, it swells again, whilst

its elasticity returns.

Also if a dried fibril was boiled in water it began to swell, and

became elastic as at first. This swelling caused by water is, however,

a very restricted one. But if the ordinary, moist fibrin or the air-

dry fibrin are exposed to water, to which alkali or acid have been

added, the fibrin swells much more than by water only; undoubtedly

we have to deal here with a swelling-process, introduced bj water.



182

If in these expörimeiits much fibi'in is taken in proportion to

alkali or acid-solution then it will be observed that the lluid is

entirely imbibed bj' the fibrils. Eveiy fibre is seen to swell strongly,

has become jelly-like, and more or less transparent. (We mean here

the ordinary, raw fibrin
;

[)ure fibrin gives less striking results because

it is dissolved very quickly by alkali and acid, so that the swelling-

stage is only very short).

The separate coarser fibrils are at first still plainly visible in the

swollen mass q,s jelly-like strings.

If a coarse fibril, swollen by dil. alkali, e.g. NaOH 0.2 7o' is

placed in dil. acid so that the fluid becomes about neutral, then

the swollen fibril gradually resumes its original form and qualities;

it becomes elastic again as before. If the fibril is not placed in

diluted, but in concentrated acid, the swollen fibril resumes its shape

and qualities much sooner. This is also the case if the swollen fibril

is put into solution of acid phosphate of sodium or a solution of

acid phosphate of calcium. Hence we have to deal here with a

reversible process. But not only by acids and acid salts the fibre,

swollen by alkali, may be brought again into its original state, it

may also be effected by a 1 "/^ CaClj-sol. or by a saturated sol. of

NaCl or NaFl, or by any other saturated salt-solution, such as

MgSO^ or (NHJ, SO^. And it also appeared that a fibril, swollen

by alkali, also gradually resumes its original form and qualities, if

it is placed in an excess of water, and moie (piickly by shaking it

with much water. It is a remarkable fact that the swollen fibril

retains these qualities also when the swollen Jihril is boiled first, at

least if the alkali is in a weak concentration and has not acted too-

long. Also after being boiled the fibril, swollen by 0.207o NaOH,

returns to its original state as regards shape and qualities, when

exposed to acid, salt, or an excess of water.

It follows that the process which takes place wdien fibrin is swol-

len by diluted alkali, must be of a very superficial kind, and that

ordinary chemical process, or change is out of the question.

Between fibrin on the one hand and alkali on the other, only an

extremely loose compound, an adsorption-coinpound can have been

formed.

The logical conclusion is that all component parts of the swollen

coarse fibril, first the smaller fibres, next the smallest fibres, and

lastly the minutest parts of which these smallest fibres consist, have

formed an adsorption-compound with the alkali, and are consequently

swollen.

But it must also be inferred that the component parts and parti-
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cles have not changed tlieir phiccs with regard (o each other, as

long as the coarse fibril, swollen under the influence of alkali,

entirely resumes its former shape and qualities when exposed to

acid, salt or' water.

If the fibrin mass, swollen by alkali or acid, has absorbed all

the fluid, and is left to itself, then, after some days, the swollen

mass (we mean here ordinary impure fibrin) first passes into a thick

and then into a thin, colloid solution. It appears to me that we must

look upon this process as a continuation of the swelling-process,

mentioned before. The colloid-particles retaining in the swollen fibril

their coherence, their place with regard to each other, are driven

apart by the continual swelling and at last pass into a colloid solu-

tion, into a sol-state.

If this view is correct, this colloid solution, this alkali-hydro-sol it'

I may call it thus, must have the same qualities as the swollen

fibril, and we saw already that this is indeed the case.

For we saw that flakes are formed in a fibrin-NaOH-solution by

neutralization, by stronger acids, and by the action of salts under

the successive formation of a coagulum of fibres, of an elastic gel,

which may either remain somewhat swollen, as is .the case when it is

treated with a saturated NaCl-solution, or a coagulum with little or

no swelling, a retracting, fibrous or spongy mass may be formed as

was observed under the action of acids and acid salts, of CaCl^-sol,

and of a saturated NaFl-sol.

The solution of fibrin in stronglj' diluted alkali gives rise, as we
saw, to an alkali-adsorption compound. And since bloodplasm

kept fluid, and also a transudate, were acted upon in a similar

manner by acids and salts, as a solution of fibiin in strongly diluted

NaOH, both as regards the formation of flakes and the succeeding

agglutination iji the form of fibrils, in other w^ords the coagulation,

it may confidently be iissmned tlvdtjibrinoc/en, as /tnm(l in trmisudates,

in bloodplasm kept jiuid, and hence also in blood, may be looked

upon as an alkali-adsorption compound of fibrin. In other words

fibrinogen as found in blood must be looked upon as an alkali-

hydrosol of fibrin, as fibrin in a colloid solution in which the fibrin-

particles are found in an exceedingly fine state of division, owing to

the adsorbed ions of OH.

It seems to me that hereby the nature of the relation between

fibrinogen and fibrin it has been determined, but likewise that it has

been shown that blood contains a source of alkali in an extremely

loose compound, in the form of fibrinogen. A compound so loose

that it must be judged capable of giving up at any moment its
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alkali to acid «iibstaiices, under the formation of fibril-flakes, and,

under favoui-able circumstances, coagulation of the colloid fibril.

Perhaps we have to deal here with a fact, the importance of which

to physiology and pathology goes far beyond the problem of blood-

coagulation, I do not however, wish to enter into this question in

this paper ; 1 shall restrict myself to emphasize the possible signifi-

cance of this fact, as a foundation for the solution of the problem

concerning the nature of blood-coagidation.

It has been demonstrated that the transition of fibrin from the

sol-state into the gel-state may be brought about by the following

factors

:

a. by acids in weak concentration, or by neutralization
;

h. by acid salts, also at an acid reaction of the medium
;

c. by acids in strong concentration
;

d. by saturated salt-solutions
;

e. by calcium-chloride solutions.

This formation of flakes in flbrinogen-solutions is only a special

case of a quality, characteristic of colloids and albumens in general,

at least as regards the factors mentioned sub a, c, and d. The

colloid fibrin, however, is distinguished from other albumens, except

casein, in being able to agglutinate in fibres under favourable cir-

cumstances, to form an elastic gel, a real coagulum such as is

formed when blood coagulates.

Will our knowledge of the relation between fibrinogen and fibrin

on the one hand, and of the factors which cause fibrin to pass from

the sol-state into the gel-state, on the other, enable us to give a

satisfactory explanation of the phenomenon of natural blood-coagulation?

This would indeed seem to be the case if only it could be demon-

strated that in blood, substances are found or can be formed, whose

action would be identical with that of one or more of the factors

mentioned above.

For this purpose it might be investigated if acid salts are formed

in the blood, or a hypothesis might be formed as to the importance

of CO2 in this respect, after the manner of some other investigators.

All this seems superfluous, however. Keeping in view the data to

be found in the literature on the problem of blood-coagulation, it

stands to reason that we should think in the first place of the

nudeoprotekls and of calcium. The nucleoproteids, substances derived

from decomposed nucleated cells, possess as we know properties

of an acid, wiiile more especially Pekelharing and his school have

established beyond doubt that these substances can effect blood-

coagulation.
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The niicleoproteidH might, llierefore, be ranked with acids in

general, both on account of their acid-qualities and on account of

their coagulating qualities, if not Pkkelkaring were of opinion tiiat

the nucleoproteids, together with calcium, produce a ferment, which

ferment would have to be looked upon as the cause of blood-

coagulation, while likewise most other investigators attribute the

coagulation of blood to a fibrin-ferment.

Since, however, it has appeared from my investigations that the

relation between fibrinogen and fibrin is of such an extremely

simple kind, it seems strange that the transition of the foi'mer sub-

stance into the latter, which process is in fact nothing but a with-

drawal of ions of OH from fibrinogen, should require a ferment-

action. Tlie more so since, as we observed before, the action of the

nucleoproteids might be readily explained by the acidity of these

substances.

The conception that the nucleoproteids owe their coagulating

properties to their acidity, would at once explain why nucleoproteids

of such different origin, and also nucleohistons and nucleoalbumens

all have the power of effecting coagulation, the reason being that

all these substances act as acids.

Judging myself entitled on the ground of the investigation, of

which a short summary has been given in the preceding pages, to

the conclusion :

That fibrinogen, as found in the blood, must be looked upon as

an alkali-adsorption compound of fibrin, in other ivords, as fibrin

lüliich, under the influence of adsorbed urns of OH, is in a finely

divided and swollen state, iji a sol state; that consequenthj the transi-

tion of fibrinogen into fibrin, that is to say the coagulation of blood,

must be based upon a withdrawal of ions of OH from, fibrinogen,

I think 1 may add the supposition that the natural blood-coagula-

tion must be the result of the withdrawal of ions of OH from

fibrinogen by nucleoproteids in consequence of their acidity.

H' this supposition is found to be correct, further investigations

will have to teach if nucleoproteids act as such, or if their coagu-

lating capacity is due to the formation of niicleinic acid or phos-

phoric acid, and also what part is possibly played by calcium in

this process. Moreover it will have to be explained how this acid-

action of the nucleoproteids can have impressed various investigators

as being a ferment-action.

Groningen, April 1913. Physiological Laboratory.
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Anatomy.— "On the visual centra in the brain of an anophthalmos.'

By Dr. C. T. van Valkenburg and Dr. L. H. J. Mestrom.

(Communicated by Prof. C. Winkler.)

Througli the Director of the lunatic-asylum Maasoord, Dr. Vos,

the Central Institute for Brain-Research came into possession of the

brain of a female anophthalmos, who had died at fullgrown age.

She was moreover an idiot.

The number of investigations of the central nervous system in

cases of congenital anophthalmy is a very modest one. It is also

— even with regard to the central visual system - not complete.

Moreover very general conclusions were sometimes drawn from the

partial investigation of one single case (Bolton). We are consequently

of opinion that the communication of the discoveries made in a new

case, are not unwelcome. We give a very short account of them

in this paper.

1. Corpus quadrigeminum anticum on both sides flatter than

normally

;

2. Pulvinar thalami optici 'm sagittal direction shorter than normally;

3. Corpus geniculatum externum almost entirely without the basal

prominence

;

4. Occipital lobe: Besides the remains of a chronical lepto-

meningitis (existing still more distinctly in other parts of the cerebrum)

both lobi occipitales show a somewhat too feeble development.

Though the cerebellum is, in sagittal direction, entirely covered, one

sees the central part of the dorsal surface of the cerebellum lying

more bare than normally, in consequence of the caudal distention

of the two cerebral hemispheres. The latter are slightly tapering.

The mediobasal parietes of the occipital lobi are likewise shorter

than usual. The configuration of the sulci and gyri there falls inside

the line of demarcation of the physiological variation. The sulcus

calcarinus to the left bends round the rim of the occipital pole, to

the right it finishes at a short distance in front of this pole T-

shaped. On the convex side one finds, on both sides, remnants of

a sulcus lunatus.

Microscopical examination. All the above-mentioned visual centra

to the left were examined by Pal-preparations and sections coloured

according to van Gieson. The right ones were coloured according to

NissL (paraffine enclosure, toluidine-blue) the calcarine-region par-

tially. The results are as follows :

1. Corpus quadrigeminum anticum. On account of the absence

of the visual fibres of the tractus opticus this ganglion is poorly



187

meduUated. This püverly i-cgurds the su|)crninal (stratiini zonale,,

certainly not in a considerable degree, possibly not at all. This

is in accordance with what Cajal ^) ascertained for embryonal

preparations, and what one of us concluded fi'orn a patholoji;ical

case "1, in contradiction with the curi-ent view regarding this subject.

The following stratum of medulla (stratum opticum) is on the contraiy

less rich in fibres ; these originate thus for the greater part in the

nervus, resp. tractiis opticus. In cellpreparations (v. Gieson, Nissl)

no distinct difference from normal sections can be ascertained.

2. Pulvinar thalami optici. The nucleus, as a whole, is decidedly

smaller. It is however very difficult to indicate what anatomical

category of fibres has disappeared. The long radiary fibres are

beautifully developed, they run distinctly into the capsula interna

retrolenticularis, and consequently most likely belong to the pro-

jection-system of the cerebral cortex. The cells have a healthy

appearance in the central part of the nucleus and in the medial

part. In the lateroventral part the cells have possibly drawn a little

too closely together, and there is too rich a collection of glia-elements.

We have not been able to deinonstrate a loss of cells.

3. Corpus cjenicula tarn externum. The section was made almost parallel

to the entering tractus opticus. On account of the absence of the

ventral prominence hardly any vestige of a "hilus" can be observed.

Of course there is no question of a medullated tractus- resp. retina-

part; in so fai' as this part is grey in normal preparations one

can observe in this anophthalmos a considerable diminution of volume.

The frontal part of the ganglion misses thus the scattered thick

bundles of medullated fibres, which are seen lying as little blocks

amidst the finer network of fibres, the ventral part misses the infil-

trating fibres. The medullated lamellae are distinctly arranged in the

usual way. They contain however a little fewer fibres than are

found in the healthy ganglion. As, also in normal preparations, we

cannot tlnd in the retina-resp. tractus-part the "kleinste Elemente"

of VON Manokow, there is no occrision to ask if they have dis-

appeared. One sees indeed glia-cells in normal numbers, as it appears,

and more closely together than with a healthy person. In the ganglion

itself one finds both the nucleus principalis (Hauptkern) and the

nucleus magnocellularis (ventraler Kranz grosser Elemente) resp. after

1) S. R. Y Gajal. Textura del sistema nervioso, 1904. II, i. p. 477.

~) V. Valkenburg. Contribution a l'élude d. 1. substance blanche tempoio-occi-

pitale de rhomme, Tsych. e. Neurol. Bladen. 1911.
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the nomenclature of Malone') and Monakow^). The cells of the

former are perhaps somewhat smaller than normal, those of the

latter are of the nsiial size. Neither of the two kinds of cells have

a patholof^ical appearance. They are lying only clearly too closely

together. The result of this compression is a diminution of the whole

ganglion to abont ^/^ or less than its usual size. The medullated

fibres lying dorsally and later-ally from the C. g.e. (triangular area

of Wernicke and lateral medulla) have an entirely normal appear-

ance, they are only reduced in accordance with the diminution of

the ganglion.

4. Occipital lobe. This lobe was cut — to the left — from the

transversal surface through the confluence of sulcus calcarinus and

sulcus parieto-occipitalis backward. The sagittal strata round the

posterior shell of the ventricle are extant, of normal colour, too

narrow and elongated ; there is a tolerable expansion of the ventricle.

The latter reveals itself also in so far that the cerebral ventricle is

tissure-shaped continued in a medial direction, ventral from the

inferior lip of the sulcus calcarinus. The calcar avis is well-developed.

At about the middle of the sulc. calcarinus — behind the place of

confluence with the sulc. parieto-occipitalis — there appears to exist

a transition-convolution (cuneolingual fold) the cortex of which has

not the typical characteristic of the calcarina-limitation : the strip of

ViCQ d'Azyr. As to this strip, which has given a name to the desig-

nated part of the cortex (area striata) it extends on all sections over

a part, distally over the entire limitation of the calcarina and reaches

exactly the occipital pole. The annexed figures show, in normal size,

its extension. Tlie interruption through the cuneolingual transition-

convolution mentioned above lies between figures 2 and 3. One sees

moreover from the reproductions, that the sulcus calcarinus, especially

in its distal part, has very little depth. In connection herewith the

length of VicQ u'Azyr's strip is on each section considerably smaller

than normally.

This added to the abbreviation of the lob. occipitales proves thus

a considerable diminution of its extensity :

We found the fibre percent-age of the cortex, both round the sulcus

culcarinus and the rest of the occipital part, normal.

The cells of the cortex do not show any deviation in the area

striata, neither individually nor in their arrangement to strata.

1) Malone: Ueber die Kerne des menschlichen Diencephalon. Abhdln d. k. preuss.

Akad. d. Wiss. Physik.-Math. Klasse, 1910.

2) V. MoNAKOw: Gehirnpathologie.
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Fig. 1. Immediately

behind the meeting

of Sulcus calcari-

nus and sulc. pa-

rieto-occipitalis.

Fig. 2. 6 mm. behind lig. 1, Fig. 3. IV'oCm.

behind fig. 2.

Fig. 4. 6V2 nim.

behind fig. 3.

Fig. 5. 3 mm. behind fig. 4.

V = Ventricle (posterior shell).

Ca = Sulcus calcarinus.

Fig. G. 4 mm. behind

fig. 5; occipital pole.

We remarked however that in the immediate neighbourhood of

the area striata (area 17 Brodmann) the cortical area (18 Brodmann)

shows a less beauliful development in its large supragranular pyramids

than one sees normally. Also in comparison with corresponding

sections through this region of an idiot that was not blind, this

difference continues to exist.

If we summarise our discoveries, it appears that the primary-

optical centra show the deviations that are typical for the consequences

of the early enucleation of the two eye-globes on both sides. More-

over that part of these nuclei that is connected with the cerebral

cortex, though it may be ever so reduced, has not changed its

nature. Entirely in keeping with what might be expected on these

grounds, the nucleocortical connection — on account of the diminut-

iveness of the composing fibre-elements — though it has diminished,

in volume, is very distinctly extant. It is exactly the same with the

regio calcarina, if not exclusively (according to our view) yet very

predominantly (Winkler) ^) the boundary of the geniculo-cortical

1) Winkler: Over gelocaliseerde atrofie i. h. corp. geniculatum. Versl. K. Ak.

V. Wetensch. 1912, bldz. 714.
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fibres. In extensit}' it is reduced in every direction, but the con-

struction is entirely normal.

This discovery is directly opposite to that of Bolton ^), who states

for special strata a considerable diminution and moreover admits

for anophthalmy a shortening of the area striata in a sagittal direction

to half its length. In his one case (p. 203) the area striata did not

extend farther than half way the sulc. calcariiius, in so far as it

limits the cuneus ventrally. As oue sees from the reproductions

our anophthalmos by no means answers this condition; the photo-

graphs of the Nissl-preparations prove for tlie cell-percentage likewise

what \Ve communicated above. The hitter, besides being contrary

to Bolton's statements, is likewise at variance with Leonowa's ")

discoveries in this respect. This author, who disposed of more cases

examined however only very young children aged at the utmost 2

months. In our opinion greater conclusive value should be ascribed

to our case.

We cannot decidedly ascertain the signification that must be

attached to ihe comparatively less beautiful and complete develop-

ment of the large supra-granular cells in area 18. It is well-known

that English investigators (Campbell, Mott, Bolton) are accustomed

to distiuguish this cortical area specially as the visuo-psychic area.

Though — in our opinion on good grounds — one may only

hesitatingly apply such a localising nomenclature to special parts

of the cortex, it cannot but be admitted that field 18 is very nearly

concerned with the optical impressions which, at any rate, are

received in its immediate vicinity — field 17 —

.

In this train of thought it would be explicable, that elements

which under nornjal conditions take part in retaining or modifying

etc. optical, eventually modi tied stimuli but cannot perform the

principal part of their activity on account of the existence of anoph-

thalmy, show the vestiges of it in their construction. The fact that

exactly these seem to suffer most under the perpetual optical inactivity

of the organism should then be attributed either to their great

vulnerability (connected perhaps with their tardy embryogenetic

maturiiy) or to the fact that, exactly by their size, histological

modifications are sooner visible. It is at all events a fact that, as

we mentioned above, we could not discover any pathological pro-

perties in the cells of area 17 itself

1) Bolton: The exact histological localisation of the visual area of the human

cerebral cortex. Philos. Transact. R. S. of London, Series B. vol. 193, p.p. 165—222.

~) Leonowa: Beitr. z. Kenntniss der secund Verander, der prim. opt. Centren

u. Bahnen u. s. vv. Ai-ch. f. Psych. Bd. 28, S. 53, 1896.
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Chemistry. — "Tke passiviU/ of metals in the light of the theovi/

of allotropij." V)) Prof. A. Smits ((Jomiminicaled l)y Prof. A.

F. HollemAiN).

(Goinmunicaled in the meeting of January 25 1913),

It struck me already some time ago Uiat I lie above-mentioned

phenomenon, which has not been satisfactoi-ily accounted for as 3'et,

might be explained in a plausible way in the light of the theoi-y

'of allotropy. We need namely only assume that, as Llie said theory

requires, the metals are bnilt up as a rule of different kinds of

molecules, which in general have a different reactive power, so that

one kind of molecules will act more readily than another. In this

case the internal equilibrium in the surface of the metal will be

disturbed by chemical action, and it will now depend on the rapidity

with which the internal equilibrium will be restored whether or no

anything particular occurs.

Let us take iron as an example, whose curve of heating of the

solid substance betrays the presence of different kinds of molecules ^).

and let us immerse this in strong nitric acid. We then notice the

following fact:

One kind of molecules is quickly dissolved, the other is not.

If it is now assumed that the oxygen split off by the nitric acid,

which is possibly partially dissolved in the iron, acts as a negative

catalyst for the setting in of the internal equilibrium, only the non-

dissoluble kind of molecule will be left in the surface layer of the

iron. If the iron plate is now taken out of the nitric acid, and

rinsed with water, it appears that the iron no longer yields all kinds

of knowMi iron reactions. The strong metastable state in the surface

can now however be suddenly disturbed by a blow, by the appli-

cation of a magnetic field, by contact with positive catalysts, and

in other ways; the inactive molecules are then again changed into

the active ones, and the ordinary iron reactions ha\ e been restored.

This may be demonstrated in all kinds of interesting ways. The

periodic abrupt variations of the potential in the case of electrolysis

of acids with iron as anode''), may be explained in a similar way.

This will, I hope, be soon discussed in a following communication.

There are views among the earlier hypotheses, which show some

relationship with the explanation given here, but on account of the

1) Cf. Benedicks "On allotropy in general and that of iron in particular. Journal

of the Iron and Steel hislilule" N'. 11, 1912 p. 242.

2) Adier. Z. f. phys. Cliem. 80, 385 (191i5).
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exceeding vagueness of the conceptions of the nature oi the solid

state, and the absence of a general point of view, they have not

been able to assume such a form as to lead to a satisfactory

explanation. ')

Ancry. Chein. Laboratory of the University.

Amsterdam, January 1913.

Chemistry. — '-The nitration of toluols and its derivatives clUorated

in the side-chain". By Prof. A. F. Hollfjman.

(This communication will not be published \\\ these Proceedings).

1) 11 may be expected that in the near future it will appear possible also in

many other cases to demonstrate by tbe use of solvents or chemical reagents the

complexity also of tliose substances wliicli have been considered up to now as

behaving exclusively as unary substances.

(September 3, 1913).
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Physiology. — "On reinforcement of sound and soundselection hy

inenns of microtelephone-apparatus" . By Prof. H. Zwaardemaker.

(Communicated in the meeting of May 31, 1913).

Of the innumerable sonorous vibrations with which the air and

the soil are pervaded, only those whose period is comprised between

10 and nearly 22000 per second, are lying within the limit of our

audition. Exactly midway between them lies the "a d'orchestre".

The pitch of musicians remains middle tone, even when age has

deprived us of a half octave at the extremities. This is no longer

so in pathological cases, when large pieces of various lengths are

generally cut off on the bass- and on the discant-side.

Among the benefits man derives from his audible scale none

excels that of hearing speech-sounds. Compared with this the services

our hearing renders for our safety, for technical purposes, for

enjoying the pleasures of art etc. are relatively slight. Now there

is no part of the scale of such moment to the most important of

all functions of our sense of hearing as a small portion just beyond

the "a d'orchestre", stretching from />, to g^ (Bezold). Extending it

a little further, we get the zone to which local telephones are tuned,

viz. «1 to ('3. This portion of the human scale must be in good

condition, in order to secure a proper function of our sense 01

hearing speech-sounds.

By confining myself to the speechzone a^ io a^ \ have been able

to simplify considerably the researches that have occupied me for a

couple of years and either concerned the sound of speech in buildings

or the use of hearing-apparatus. For this narrow field full knowledge

is .required of every single tone.

Regardless of resonance an objective measurement of sound can

be performed alike for all pitches and impulses after Lord Rayleigh's

mode of arrangement. Devised in 1882 it had been w^orked out

theoretically by W. König in 1891 and put into practice by Zernow

in 1907.

This method consists in placing a very small mirror (circular,

3 m.m. in diameter) obliquely to the plane of soundwaves. It is

hung by a fine quartz fibre and is kept stationary by a small

magnet attached to the back of it. As soon as the sound flow^s past

the miri'or in progressive waves or in often repeated pulses, the

disc takes up a position parallel to the wave-front, just like a sti'aw

on the surface of a river. This occurs with a force proportional to

the energy of the sound and ceteris paribus expressed in the torsion

of the fibre and in the magnetic force.



195

The formulae show, that in order (o attain a high degree of

sensitiveness the size and the weight of tlie mirror should be as siiiall as

possible. I also found, that we can do without the magnet if we
replace the quartz fibre by a flattened Wollaston-wire ^). The sen-

sitiveness can moreover be considerably increased by[>.ondncting the

sound to the mirror through a short tube whose width and length

are in the ratio of at least 2 : 5. The mirror is placed just in front

of the aperture of the tube. The diameter of the mirror should not

be much longer than the width of the aperture, so as to cause the

sound-wave to bend completely round the disc. The position of the

mirror is effected entirely by the pulses falling upon it on both

sides, not by the sound pressure, which is too feeble for it.

The instrument discussed just now, enables us to arrange the

mirror so as to prevent resonance. Only the afferent tube may pos-

sibly resonate. Its length is 6 cm. and its width is a finger's

breadth. On this account I chose a mirror of 5 mm., slightly to the

detriment of the sensiti\'eness. Considered as ah open organ pipe

the peculiar tone of the tube lies somewhere near e^ and is beyond

the speechzone.

Aided by such an instrument it is quite easy to determine the

reinforcement of sound and the sound selection of micro-telephone-

apparatus.

First of all we intend to examine technical apparatus such as the

common telephone or that used by people hard of heaiing. Here

element, microphone and telephone are in circuit with each other

(induction apparatus being inserted only foi- long-distance telephony).

The conducting tube replaces the car. As close as possible, free

from all foreign sound disturbances, the telephone is placed before

the tube that transmits the sound to the mirror, which is placed

obliquely in the plane of the soundwave. No sooner does the

telephone sound than the mirror shows deviation, and a beam of

light directed onto it, is caught up on the scale placed at some

distance. The amplitude indicates the torsion of the fibre, i. e. the

force that was counteracted by the energy of the sound, while the

tone continued.

The following illustrations represent the amplitudes generated bj'

a row of almost uniform stopped pipes, half lone for halftone, with

the aid of telephone and microphone fed by two volts.

1) Heraeus sent us on application such a wire of 8 , thickness. The attendant

Stellema procures still more suitable wires by flattening round VVoUaston-wiics

with a hammer.

13*
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a,s, b, Cj, cSj 4 d^^ Cj /"i f.s.^ g^ g\ a^ as^ *, Cj c.s^ d^ d,s^ e.

Fig. 1. Relative intensity of sound

of a technical micro-telephone

apparatus noted tone for tone,

(max. amplitude called 100).

Tt will be seen that the discant of tiie speech zone is more inten-

sified than the bass.

The sonnd conveyed to

the mirror by the tele-

phone is more intense

than that caught up by

the microphone. So the

circuit appears to intensify

the sound. Aw increment

of the available acoustic

energy results from a

decrement of the energy

afforded by the accumu-

lator. By elaborate expe-

rimentation this reinforce-

ment can be determined directly. It may also be promptly done in

a rough and ready way, if a second measuring mirror apparatus

is put in operation.

This additional apparatus is provided with the trumpet of a

dictating phonograph. It is so sensitive that, even though the scale

be placed at Vs "^- ^'^'j '^"^ though a diaphragm of a phonograph

has been inserted, a unit of the scale represents one millierg of

acoustic energy per second. Such an instrument is competent to

register the amplitudes of whispers even, let alone those of spoken

\A ords.

In a series of experiments carried out with Dr. Reuter I invari-

ably used 16 monosyllabic words of the sort called isozonal and

aequi-intonse, because their component speechsounds fulfil certain

requirements. We are now in a position to utter these words twice,

once with and once without a micro-telephone. The difference in the

amplitudes can then be noted. In both cases the intensity of our

voice can be registered on the scale, which is furnished \vith a

trumpet and is placed by the side of it. It appears then, that the

words spoken with a micro-telephone produce on an average ampli-

tudes exceeding 20 to 30 times those produced without insertion

of the electric circuit, which exalts the acoustic energy.

The reinforcement recorded here, occurs with either apparatus of

tiie technique. It is remarkable that, as regards tone-selection, the

latter are so constructed as to reinforce the discant of the speechzone

more than the bass. It seemed to me, that a greater variety should

be aimed at in this respect. I, therefore, combined the microphones

and the telephones that were at my hand, in order to obtain this
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Vcariety in toneseleetion. My expeiience has been represented graphic-

ally lower down.

It appeared to nie, that lor this selection the telephone proved to

be of greater use than the microphone. This prevalence is determined

O, aj, I, Ci w, dt d.i, e^ i 6, ^, ^,«, o^ a^* h it «i <i '^4 <«

fiaige teleplionc-piate.

U_ix
e, OA i, Ct cSi d^ dj^ (i C Sh ii 9'', «i «W. *i 'a (.h "4 d^.

Middle-sized teleplione-

pUite, UiiL'knessO.ll m.m.

'^1
' ' I ' ' I I ' ' ' M I I I I

Tclephoneplate of

0.16 mm. thickness

1 _L
a, a,s, h fi cs. dj. ds.. c, /^ 4 <7j ^.^, "i "^^i ^^ <ö <;^i '^j "^'^j *j 'j '!^j ^j

J__L '

Tliickness of' plate

0,24 in m.

Four special combinations of microphone and telephone of different tone-selection.

(Max. amplitude for each apparatus called lOOj.
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by the size and t'ne tlii;-lviiess of the membrane, which is quite

a natural thing, considering that the membrane vibrates all over

("en masse") with the greatest excnrsion in the centre. The tech-

niqne damps it to a certain extent in varions degrees of efficiency

(damping cansed by air and l^y induction). In circuit with this

telephone is the microplione varying considerably as to the number

and the size of the carbon grannies. Without exception 1 used for

the microphones coal-membranes tuning with the telephone dia-

phragm selected beforehand, and I regulated the damping by select-

ing grannies of a particular size. This can easily be managed, so

that harmony for a broad zone may readih' be effected, which is

requisite for a proper reinforcement and audibility to be guaranteed

by the circuit.

The graphic representations show, that much can be attained in

the indicated way even with the present means. If the technique

could be improved so as to enable us to apply the principles here

brought forward, I doubt not but telephony in private houses, in

churches and in assembly-rooms would be made subservient to a

much greater number of pathological organs of hearing than the

attainable means allow, seeing that hitherlo only reinforcement was

the object of experimenters and thai a reinforcement not always in

a zone of sufficient breadth. A new field of research opens up when

the zones of reinforcement are extended to different portions of the

speechzone a^ to e^. Every ear will then be able to select an

apparatus complemental to what it lacks.

Chemistry. — "On the synthesis of amido-oxalylhiuret

CO NH,

CONHCONHCONH,".
By Dr. J. Th. Bornwatkr. (Communicated by Prof.

A. P. N. Franchimont).

(Communicated in the meeting of June 28, 1913).

In 1911, I showed that oxalyldiureid is not identical with

the compound obtained by Grimaux (Bull. 32 (1879) p. 120) on

heating parabanic acid with urea and which in the German literature

is called wrongly oxalyldiureid, although Grimaux rightly calls it

"amide d'un acide oxalylbiurétique".
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Tlie substance of Grimaux shows biuret reaction and, after being-

dissolved in dilute potassium hydroxide solution evolves ammonia in

the cold and yields on acidifying with acetic acid a crj'stalline

precipitate.

In the Berichte der Deutschen chemischen Gesellschaft 46 p. 1404,

H. BiLTz and E. Topp discuss this oxalyldiureid

CO NH CO NH,

CO NH CO NH„

obtained by the interaction of oxaljlchloride with uiea and con-

sider this identical with the "amide d'un acide oxalylbiurétique"

CO NH,

I

of Grimaux. I have now tried to prepare this

CO NH CO NH CO NH,

compound synthetically in order to be able to show that this substance

is different from the true oxalyldiureid.

As has been shown previously, on boiling in dry benzene there

are formed in the interactionof oxalylchloride with amides and with

similar substances possessing a primary amide function, in most

cases the corresponding carbonyl derivatives. On the ground of this

experience it was to be expected that, if we allow in the same

manner oxaminic acid ethylester and ethyl nrethane to react in

equimolecular quantities a substance might form of the composition

CO OC, H,

I

which might be called a. carbeihoxyl

CO NH . CO . NH COO (\ H,

b. oxalylethoxyl urea. This substance indeed formed to the extent

of 107o of the theoretical quantity in the presence of other products

and after repeated recrystallisations from dry ethyl acetate it crystal-

lised in beautiful glittering needles melting at 152°, the analyses

of which were quite in accordance with the theoretical results.

It could not be recrystallised from water as this causes a decom-

position to set in with formation of oxaluric acid.

When this substance was dissolved in absolute alcohol and a

current of dry gaseous ammonia passed through the solution while

cooling in ice, a fine pulverulent substance was deposited which on

account of its mode of formation and analysis could be considered

to be the amido-oxalylbiuret and in properties agreed entirely with

the "amide d'un acide oxalylbiurétique" of Grimaux.

This amido-oxalylbiuret also showed the so-called biuret reaction,

dissolved in alkali with evolution of ammonia and then gave with

acetic acid a crystalline precipitate either as stated by Ponomarew
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(Ber. d. D. cli. G. 18 p. 982) of the acid potassium salt of allan-

toxanic acid or, according to Biltz and Topp of the potassium salt

of oxaluric acid. For want of sufficient material this could not be

further elucidated.

From this it mnj therefore be concluded that the substance obtained

by Grimaux and the synthetically prepared amido-oxalyl biuret may

be considered as identical.

In order to obtain the so-called biuret reaction it seems to me

desirable to first add the highly diluted copper sulphate solution and

then a solution containing at most i57o of KOH.

Biltz and Top? carry out this i-eaction in the reverse way so

that there is a possibility that the substance is already undergoing a

partial decomposition before the copper sulphate is added, thus inter-

fering with the biuret reaction. Moreover, they use a KOH solution

D. 1.3 which will cause a more rapid decomposition. I have, there-

fore, mutually compared the reaction obtained with biuret itself,

widi the amido-oxalylbiuret prepared by my process and with the

substance obtained by Grimaux and have also compared the colouring

with that of the "Code des couleurs" of Klincksieck and Valette.

On adding the different reagents rapidly the violet-red colouring

596 was always obtained in all three cases even when the KOH
solution was added previous to the copper sulphate. In the latter

case, however, the colouring had changed after 5 minutes; with

amido-oxalylbiuret and KOH D. 1.1 to 566, with KOH D. 1.3 to

541; with Grimaux's substance and KOH D. 1.1 to 561, with KOH
D. 1.3 to 528 D, whereas in the tirst case (CuSO, first, KOH afterwards)

with my own preparation as well as with that of Grimaux —
a change took place, after 5 minutes, to 571 when using KOH D. 1.1

and to 564 with KOH D. 1.3.

In conclusion I wish to call attention to the difference in results

obtained by Biltz and Topp in the reduction with hydrogen iodide.

With oxalyldiureid they obtained hydantoine, with Grimaux's substance

a compound of the empirical composition C4H5O3N3 of which they

have not been able to give a definite structure. However, it is not

impossible that they were dealing here with uramil which has the

same empirical composition, begins to decompose above 270° and

also forms so-called salts. If we attribute to Grimaux's substance

the formula of amido-oxalylbiuret the formation of uramil is explained

quite as readily as the formation of hydantoine from oxalyldiureid.
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Chemistry. — "Economic Uxiviatlon" Bj Dr. P. J. H. v. Ginneken.

(Communicated by Prof. Ernst Cohen.)

(Communicated in the meeting of June 28, 1913).

An economic lixiviation requires tlie attainment of a sufficient

degree of leaching with as little solvent as possible, with the simplest

contrivances and in the shortest possible time.

Let us lake a mass R -\- Saq, consisting of a substance R in-

soluble in water ^) and of a Wtiterj solution of the water-soluble

substance S. A definite quantity of this mass has to be lixiviated

with water in the most economical manner.

We assume that the solution is combined with the solid substance

capillarily, by absorption, by inclusion in permeable walls or by

other means, but not chemically ; and also that during the lixiviation

the volume of the liquid combined with the solid substances in this

manner does not change.

We equal this volume of the "combined liquid" in a definite

weight of the original mass to v.

By V we represent: the volume of the water (or of the solution

respectively) which is added to a definite weight of the original

mass in each period of the lixiviation. In the following considera-

tions we assume that this volume also does not change during the

lixiviation by absorption of the substance S. The solution obtained

after each period has, therefore, also the volume V. This assumption

will (like that about v) be only roughly approximate in the case of

larger concentrations ; in each case, therefore, we shall have to

account for the extent of the deviation and of the influence thereof

V
on the results obtained. We put — =: .v.

V

By Öq is represented the concentration "j (expressed in grams per

100 cc.) of the substance S in the combined liquid of the original

mass, by b^, b^,...bn the corresponding concentrations during or

after the lixiviation, respectively :

By U:^ — : the degree of lixiviation indicating how many times
bn

the concentration in the combined liquid has been reduced owing

to the lixivianon

;

by üq : the concentration of the solution resulting from the whole

process

;

1) All this applies mutatis mutandis to an arbitrary solvent.

2) Unless stated otherwise, the concentration will in future mean gram per cc
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by (ij^ a^ . . . an~[ the concentrations of the solutions obtained in

the different periods of lixiviation.

BuNSEN ^) has shown tliat on washing a precipitate with water

there is obtained, after n washings with a volume V, the degree

of lixiviation

:

U=[l+~). . . (1)

wherein W= nV inóicixtes the total volume of the added water.

He further shows that the amount of water required to attain a

definite degree of lixiviation gets smaller and nears a value limit

when the water is added each lime in smaller quantities. As value

limit for Ü we find:

w
U=e~ . . . , (2)

If now we wish to go further and try to obtain a larger degree

of lixiviation, we shall have to divide the mass itself into smaller

portions and apply the counter-current principle. Bunsen, in his

calculation, assumes that on each addition of water, the combined

liquid and the water added are mixed homogeneously. In practice,

this is mostly not the case. We will, however, provisionally adhere

to this assumption in order to deduce a few general data.

Discontinuous lixiviation, according to the counter-current principle, at a

very great lixiviation velocity or a very long period of lixiviation.

Let us suppose that the process is working in the usual manner.

In each period of the lixiviation, mixing takes place of definite

quantities of the mass (with volumes of liquid v) with a definite

volume of solution (or water, respectively) V, after which follows

filtration.

Let us place the concentrations of the quantities underneath each

other in the following manner :

h^ h^ h^ . . . . bn-2 bii—\ K
a^ «1 a.^ a^ . . . . a„_i a,( =

After the lixiviation has taken place and filtration has been resorted

to, the concentrations of the residual lixiviated quantities and of the

appertaining filtrates may then be represented by

1) Lieb. Ann 148, 269 (1868). The quantity v has been defined by Bunsen

slightly differently to that given above.
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/>„ h^ b, />,, . . . . />„_! b„

a„ ffj (f, .... «/,_2 «.'i-i (f„ = O

A displacement of tlie symbols /; each a i)lace to the right and

of the symbols a each a place to the left reestablishes the üi-st

condition.

For the first element of the series we can now write the equation

^'^0 + ^"i = ''^1 + Va^

or

b„ + flxt^ — h^ 4- xa^ (3)

If now we suppose that we are waitijig fii-st for a complete setting

in of the equilibrium before filtering-, it follows that r^^ = 6^ , rï^ = /^,

etc. so that the above equation becomes :

b,^xh, = {\-yx)h^

and further:

b, + xb, = {l+x)b.

b„-2 H- xbn = (14 .V) />„_!

è„._, z={l-]-w)bn

From these n equations we can eliminate ij, (62 ••• ^«-i after which

there remains a relation between h^, bn and :v which may be written

b ^•n+l 1

7^= ^^==1 +-^' +^''- + --. + -^'" = —• . . {A)
On X i

From this expression for U can be deduced

:

If n is constant, U increases indefinitely with x.

If X is constant and > 1 : t/ increases indefinitely with n.

If X is constant and <[ 1 : f/ increases with n, but is maximal

If ^ is kept constant, x decreases with increase of ??, but is minim-
1

ally equal to 1
.

Hence, in the most favourable conditions there must be added,

in order to lixiviate a mass with a volume of liquid v to a degree

of lixiviation U, a volume of water > — -v.- K
As a rule the expression found for (J cannot, however, be applied

to the methods of leaching used in practice.

If we mix a mass, which in some non-chemical manner holds a

liquid in combination, with a more diluted solution, these solutions

will not mix immediately, because as a rule the same force that

causes the combination of the first liquid will oppose the immediate
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mixing. As long as no perfect equilibrium has set in, two layers

will continue to exist and the formation of the equilibrium will

take place, the solid substance S difïusing fi-om the more concen-

trated layer into the other one.

In this sense each lixixiation process is a diffusion pi-ocess.

We assume that the quantity of weight of the substance >S', which

in a short time unit dt, diffuses from the volume v into the volume

V can be represented in the following manner :

ds =^ KO (h—a) dt (4)

wherein K represents the quantity of the substance S which diffuses

in the time unit per unit of surface and per unit of (constant) con-

centration difference ; represents the surface of the dividing layer

between the two volumes of liquid, b — a represents the (during

the time dt, constant) difference in concentration M.

We now distinguish the following three cases :

I. Discontinuous lixiviation according to the counter-current })rin-

ciple with a limited number of volumes which, in regard to the

concentra-tion are homogeneous.

II. Semi-continuous lixiviation according to the counter-current

principle with a limited number of volumes which, with regard to the

concentration are homogeneous.

III. Continuous lixiviation according to the counter-current principle

with a very large number of layers homogeneous with regard to the

concentration.

1. Discontinuous Uxiviation according to the counter-current principle.

We have already detailed above this method of woriiing p. 202).

Only, this time the filtration is not postponed until the equilibrium

has set in.

Let us consider the changes in concentration in one element during

the finite period of lixiviation.

In. the first element we have before the diffusion the concentrations

[\ and a^, afterwards b^ and a^. This again gives rise to the equation:

0^ + xa^ == h^ -4-- xa^ . (3)

We can now find another relation between the same quantities

if we ascertain how the initial and final condition are converted

into each other during the diffusion time A^.

The amount of the substance >S which in a small unit of time

dt passes from the one layer into the other, may be expressed in

three ways:

1) Gf. note 2 p. 201.



205

ds = KO {b—a)dt = — vdh =Vda (5)

From the two last terms of tliis equality follows

:

1

da = db.
.T,

Integration of the two members of this equation over the time

^ = up to t=it' when <^t' <^ Lt and bt~Q =^ J)^ and r/,=o = <^i

gives the equation

1

from which follows

wherein

,7,- 4-1
b— a = 6—/:»,

1

X

If in the second term of the equality (5) we substitute this value

for h—a, we obtain from the second and third term, after rearran-

gement, the equation :

db KO .^•-fl
dt

X
P

x+ l

KO A'+I
in which — . is independent of the time.

V X

Integration yields:

KO .r-(-l

V
• '

If now we remember that /;/—o = h^, it follows that

KO :(H-1

* / \ V X

If now we substitute for t, Lt and for J> the coi'responding value

1

b-^ and it also we again replace /> by a^ -\ />„, we obtain after
X

rearrangement having regard to (3)

KO x+\

^-«1 = (^-^'o)^' '
' " ...... (6)

Hence, for each element of the lixivialion battery, we have two

equations (3 and 6). If the battery contains n elements we maj' put

l\tr=~ when tn represents the total period of lixiviation of a quantity

of the mass.
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Hence, we find together the following 2 Xn equations:

/ (3) ,
(6)

/>„-_! —bn -{-xan^\ I ^i—

1

=('^« —an-])K'

KO x-\-\ in

in wliich K' = ^ '" ^ "

.

If from this we eliminate a^, a^, a., .... (7„^i there remain n equations,

which may be written in this manner

pbo—'P 1 #1 + 7^^2 - ^

'
(7)

pbn-2 ' {p r qVh, - 1 + q^'n= o \

-p/., .,4- (^ f /("-!)/>, =
ill which

KO x-\-\ ^l

q z=z K'x -]- \ =z .ve V ' X H J. 1

KO x-\-\ 'n

p z=z K' -f ,( r=: e " ' ••*• «
f- W

Elimination of the n—1 valnes h, . . . . b„-\ gives, after rearran-

gement, the relation

'9 y
'-^^.uJ^^^ - (/)
bn X— 1

If we add together the equations (3) then

^0 - bn = xa^ (8)

Hence, if />„ i^^ known and />„ obtained from (/) a^ may be calcu-

lated from (8) also.

If KO (or tn) is very large we get — = .i' so that we find for U
P

the expression that we have deduced previously for very great

diffusion velocity (or a prolonged period of leaching).

The discussion of the expression found will be found below in

connexion with the results of the other working processes.

A lixiviation process which is being conducted in a continuous

manner may be brought in the following manner in a form, which

renders possible a mathematical formulation ^).

^) See note 1 p. 209.
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The space of which fig. la represents the longitudinal and fig. ih
the cross section is divided into two parts by a plane LN {ov FG,

, ~Fi T\

==i5l .- fi.--

I li n

e,v-.

--G

ia. lb.

respectively). In the upper space the mass to be lixiviated moves
from the left to the right (we call this direction positive) in the

lower space the lixiviating liquid moves in the opposite direction.

The wall LJSF (or FG, respectively) which separates the two liquid

layers corresponds in reality either with a boundary layer between
two layers of liquid or with an actually existing permeable wall.

The dimensions of the whole have been chosen in such a manner
that the size of the surface LXFG is equal to the surface of the

actual dividing layer between the two volumes of liquid, and also

that the volumes of the upper and lower space are in the proportion

of V : V. (Hence, the volume of the insoluble matter R present in

the mass has not been taken into consideration). From this arrange-

ment, it follows that the velocity of motion of the mass to be

lixiviated and that of the lixiviating liquid are equal ').

II. Semi-continuous lixiviation according to the counter-current principle.

Let us imagine, as indicated in fig. la, the whole space to be

divided, by planes perpendicularly to the longitudinal direction, into

a finite number {n) of equal parts whose length is A/.

In each of the thus formed divisions the liquid is homogeneous
in regard to the concentration. A small quantity of liquid which
flows from one division into another will at once mix homogene-
ously with the liquid contained therein. The condition in the whole
system is stationary; hence, the concentration in each division is

constant and is indicated bj the. letters inscribed.

Let us imagine the process to be in operation. The mass is moved
di

along with a velocity --
, the lixiviating liquid has the velocity

dl— —
. Let us consider the divisions in which the concentration is

dt

6, or a^, respectively.

The amounts {ih) of the substance <S which, in the small period oi

1) See note 1 p. 210.
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time dt, passes througli the dividing wall from [^J ^) into [ötJ can be

again expressed in three ways. As b^ is constant, ds must also be

equal to the difference of the quantities of the substance S, which

enter and leave in the time dt [ij ; the same applies to [a^.

In this way we find

:

dl dl
ds = KBAl {b,—a,) dt = BE- dt {b,— b,) = BD-dt (a„—«J (9)

dt dt

If we put — =: in which tn represents the total period oi
dt tn

D V
lixiviation of the mass and if we consider that — =z — ^x and that

E X

K.B.LI KO
. ^. „we can write —tttttt- =— ^t toUows that

EBLl V

KO n n— ih-a,) = {h-b,)-^-.v{a-a,)- . . . (10)
V tf, t,i

In the same manner may be deduced 2 (n—1) other equations (10),

which relate to the other divisions.

In an analogous manner as in the discontinuous lixiviation we

find from these equations:

^=uJ^P^ I (//)
b„ X — 1

in which

KO n

V tn

1 KO n
P = +-

X V tn

This expression shows, therefore, a similarity to that of the dis-

continuous lixiviation. q and p, however, have a quite different

value.

From the equations (10) may be again deduced by addition

by which a^ is expressed in I\ and />„ (or U, respectively.)

From the equations (10) may be deduced also a universal ex-

pression for the concentrations h.

This expression has the form

:

1) By [öi] is meant the division containing the concentration hi.
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.d^l -1

/>,) X— 1

in which y indicates the figure that is written as index at the con-

centrations h. WiJh the aid of tliis equation it is possible to draw
ca figure which indicate^ the progressive change of the concentrations

h at the semi-continuous lixiviation.

III. Continuous liviviation nccorcUny to the counter-current principle.

We pass from the semi continuous lixiviation to tiie continuous

one by taking n verv large and LI very small.

In tlie same manner as in the continnous lixiviation we tind

here : ^)

ih = KB Lh (b—a,) dt= BE'— dt {1\-h^) =- BD~dt («„—a,) . (12)
dti dt(j

in which

dl dl— = —— and Lh = — LI,,.
dt(, dta

If now we replace generally h^ — a^ by />— a, (/> and a beino-

variable quantities dependent on /) and write:

dl>

K
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The latter equation yields by integration of the two terms

1

rt = — l> -]- const.,
X

from wliirh follows, heoanse when a = 0, A = A„

1

(/'-/'.) (15)

or

x-\ 1
h — a=z h \ hy,.

,r X

Substitution of this value for A

—

a in (13) and rearrangenieul gives

dh _ 1 KO x— l

1 .<?/, r X
h + h„

X— 1

in wl» it'll

_ dl
' '' "~

dtu

Integration yields

:

. KO x-\ i_

/> -\ />,, z= e'-'^»-"! X^ > J • Sf^

X— 1

from wliioli follows, because when / = 0, // = b„ :

M -K = (h„-\-—-K)^'"^'^'^. • • . (10)
X— 1 \^ X— 1 J

This equation is that of the line which i-epresents llie progressive

change of the coucenlration h as a function of /. If we want to

represent /> as a function of ihe time, we can substitute =/.
By performance of this last substitution and substitution for A

and / of the corres|wnding values h„ and /,, and some rearrangement,

we now find fi-oni (1(^) the expression-) for (
'

:

1) The expression found aLso ap|)lies to the case when the vohunes of the tn-o

spaces in which move llic combired liquid and the lixivialing- liquid do not stand

r dl
.

dï
in llie pioporlion of -.^ . In tlial case —-- is not equal to — —- and /„ not equal to

' ' V dfi,
'

dt„ a
'

d!1)~
dt„ V

tn • The deduction is made in ihe same manner, when
dl V

= X.

E
• dti,

We obtain for U the expression (III) hut must I herein replace t^^ by tn .

Hence (with eq lal x) it is a ma'der of indilTerence for the leaching whether Ihe



211

KG x—\

^=c=^^^l-Ll^ a//)
b„ .t'—

1

in wiiich for t„ mav also be wriltcn — {l„ = total length).
V,

It is possible to deduce this expression for ^/(oontinuoiis) straight-

way from the expression for U (senii-oontiniions) and also from lliat

for U (discontinuons) by rearranging these expressions in a snilablc

manner and putting ?? == x.

From (15) and (16^ we find the ecpiation ^) which indicates the relation

lietween the concentrations a and the length / (or the duration i) :

1 1/ 1 ^_^,^±
a + -/>, = —/>„ + 7^>. ' " "- %^ • . (17)

,7! 1 ,V \ .V 1 J

From (15) again follows :

a, = -{f>o—h) (S)

from which a„ can again be calculated if /;„, U, and .? are known.

The i-elations deduced above furnish a means for calculating for

each method of working the results obtainable {U or b„ ; and a„

if the quantittes K, 0, v, T, /"„ I /„ and —
, respectively

J

and ii are

known or can be determined.

K and (). As the quantity K {{he choice of the units being determiiiedl

accounts for all the specitic properties of the mass to be leached,

it will as a ride have to bo determined experimentally. Up to now

we have assumed sileutly ihat A" has no couuexiou with (), bul this

supposition will, in many cases, not be correct. In the lixivialiou of

masses where the bound liquid is not found at the sui-face ot

the solid substance, but must proceed a certain distance dependent

on the thickness of the solid particles, K will, as a rule, change

with '). As, however, as a rule O will also not be capable of

direct measurement, the product of the two quantities will, in such

cases, have to be introduced as a single constant. Of course, the

nature of the substance must be such that this quanlifi/ remains

really constant during the whole process.

space at disposal for the lixiviating liquid is lakcji larger or smaller, hi practice

the opinion is often met with that such an influence is really present.

1) We may, of course, deduce this equation also from (14) and (15) in the same

manner as (IG) was deduced from (13j and (15).

2) Cf. VAN Loon I.e.

14*
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V, for instance can be f'oniul from the amount of solid snbstahce

7^ contained in tlie mass and the sp. gr. of the bound liquid.

In most cases v will occur in ihe formula as a <pmntlty specilic

and constant for the materiah If, however, the lixiviation is assisted

by pressing' so tiiat during, or after each filtration the "natural"

volume V is reduced to v' , v Avili be variable and the result of the

lixi\iation be dependent on the value of v'. Hence the formulae found

show also the influence of the degree of pressing on the lixiviation.

T . Because, as we have assumed, this qwintity remains constant

during the process, V can be measured as the volume of water

added, or as the volume of solution obtidned. In how far the said

assumption is correct or not and its eventual influence on the results,

must be ascertained for each case.

tn, li and — [continuous ami semi-continuous). By x-arjing these
dt

f <^i A • ,

quantiiies I in which tu - alwcijs = l„ I we can ascertain the

inflnence of changes in these quantities on the results of the lixiviation.

dl

It should be observed here that for a definite apparatus — is

dl

proportional to the vield.

1
,

1

ƒ„, n and Lt {discontinuous). Here t — = n and — is proportional

to the yield.

n. When in the discontinuons and semicontinuous lixiviation n is

taken very large these two methods of working change into the

continuous method, which fact can, moreover, be readily demonstrated

mathematically from the formulae found.

If for a detinite case we calculate &/> (discontinuous) and ^/^(semi-

eontiniioiTs) for different values of n we can ascertain, for both

methods of working, what is the influence of the value of 7i en U.

Uf) and Us then near the value limit Un=rc or Uc (continuous).

We have applied this calculation to the following values for KO,

I, V and V and Uc which values agree with a case met with in

practice.

K0= 15,6

t =r 75 (minutes)

F =105 (cc. »/„ gr.)

V = 88 (cc. «/„ gr.)

Uc= 48
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TJie subjoined table gives the values Ibiiiid

n
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space (dead space) '), battery work is in many cases to be preferred

to other methods of working. The fact that the apparatus which move

along the mass to be leached and therefore canse apparently a perfect

contimioiis process, often give results less favourable, is to a great

extent due to the mechanical motion disturbing the succession of

the concentrati(m hijers in the nuiss ; owing to this the process

becomes no longer continuous but changes into the most unfavourable

semi-continnous form.

Finally, attention may be called to the following application of

the matter considered. We have assumed that the liquid used for

the lixiviation of the nuiss R-\-S(i(j consisted of pure water. If

now we suppose that the lixiviating liquid was contaminated, before

the leaching, with another dissolved substance Z, the question arises

what influence this will exert on the products obtained.

We now readily perceive that in the lixiviation process the action

of the two liquids on each other is quite mutual and that we can

just as well "lixiviate" the lixiviating liquid with the comitincd

liquid as doing the reverse. If the process is conducted in a rational

manner this will benefit the one (real) as well as the other (secondary)

lixiviation. The bulk of the inq)urity Z does not then arrive in the

linal liquid, but in the exhausted mass. To the secondary lixiviation

we can apply iimtatis mutandis the same formula which applies to

the lixiviation proper.

When carrying this out it appears that when a larger Fis taken,

the result of the lixiviation proper improves whilst that of the

secondary lixiviation gets w^orse. (Of course, the values of K are

not the same).

This application alsc» has signiticance in practice. For it has

occurred that for the leaching water was used with considei-able

contamination, and yet the contamination of the liquid obtained

proved rather small. Such a method of working will, howevei-,

always be attended with the difficulty that a slight disturbance in

the continuity of the lixiviation (which distnrbance would otherwise

cause merely a dilution of the tinal liquid) will now cause a strong

contamination of the resulting liquid.

The above study was carried out with a technical object. On the

practical application of the results obtained a connnunication will

be made in a trade journal.

May 1913.

1) VAN Loon 1. c.
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Physics. — '* Vapour pressures of suhstances 0/ loio critical tem-

perature at loio reduced temperatures. I. Vapour pressures of
carbon dio.vide between — 160° C. and — 183° C. By H.

Ka.mkklingm Onnks and Sophus Wkber. Comniiinication NM37^
from (lie IMivsiciil Laboratory at Leiden. (Communicated by
Prof. 11. KAMKRLiN(in Onnes.)

(Conunuiiicated in the mt'ctin^' of June 28, 1913).

§ 1. Introduction. Tlie knowledge of the vapour pressures of

substances of low critical temperature at low reduced temperatures

lias recently obtained special importance'). The gradual transforma-

tion shown by the reduced equations of state for various substances,

when ordered according to their critical temperature, manifests itself

in particular in the gradual transformation of the reduced vapour

pressure curves, and tlie deviations from the law of corresponding

states, which show themselves clearly in this transformation and are

connected with Nkhnst's heat-theorem, have acquired increased im-

portajice by the connection with Planck's theory of energy-quanta.

We have therefore undertaken a series of determinations of vapour

pressures for substances of low critical temperature at lower tem-

peratures than in previous determinations. The measurement of the

very low vapour pressures with which we are concerned in this

case forms a separate branch of research. In measuring the pressure

in a space at ordinary temperature, connected by a tube with (he

space, where (he vapou.r and li(|uid or solid are in equilibrium

at a known low temperature, correct results can onl}^ be arrived

at, if due regard is paid to the theory of the thermal molecular

pressure.

Knudsen '^), who has developed this theory, has shown that, when
a temperature gradient exists along a closed tube containing a gas

in equilibrium, there will in general be a pressure difference between

(he ends of the tube, such that the higher pressure is observed where

the temperature is higher. The magnitude of the ditferenee depends

on various circumstances, specially on the ratio of the radius of

the tube R to the free path of the gas molecules X. In the limiting

1) For the lilcr;itLuc and a discussion of llic questions referred to here, see: H.

Kamerlingh Onnks and W. H. Keesüm: Die Znslandsgleichung. Eiic. d. math.

Wissensch. V. 10. Leiden Gomm. Suppl. N". 23.

~) Martin Knudskn: Ann. d. i'hys Bd. 31 p. 205 1910.

>> )) » )• -J^ )' t)83 ,,
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eases, calling p^ and p.^ the pressures, T^ and T., the absolute tem-

peratures at the ends, we have

P^ y 1^ ;. CO

R
2. Pi=P^ ^01" - = 00

For intermediate cases Knudsen deduces more complicated formulae

which may be applied over a wide range. As a rule the matter

reduces itself to the application of a correction to one of the

limiting cases. The application of the formulae is not allowed over

the range defined by

2/^

When these limits are exceeded, the accuracy very soon falls below

1 V„. It is necessary, therefore, to avoid the above range in the

measurements by a suitable choice of the tubes connecting the evapo-

rating surface with the measuring apparatus, and by changing them,

when occasion arises. When this is found to be impossible, the mea-

suring apparatus will have to be kept at a temperature but little

higher than that of the liquid or the thermal molecular pressure will

have to be measured experimentally or a different method altogether

will have to be resorted to ').

In the range where the measurements can be corrected to the

limiting cases by means of the more complicated formulae referred

to it may occur, that the corrections cannot be applied for a given

tube owing to the free path beiiig unknown and that this quantity

cannot be found with sufficient accuracy by exti'apolatiou: in that case

the object can be attained by means of measurements with tw^o

different tubes suitably chosen, so as to eliminate the pressure and

obtain data for the calculation of the free path, which can then be

introduced into the formulae.

The pressures which we wished to measui-e lie between 0.02 baryes

and 1 mm. The highest of these might still have been measured

with a Mac Leod gauge, but for the lov/er ones this method is not

applicable owing to the possibility of mercury distilling over at the

low pressure to the cold substance. We have therefore used Knudsen's

heated wire gauge "] between 1 mm. and 0.01 mm. and Knudsen's

absolute manometer ^) between 0.001 mm. and 0.01 mm.

1) E. g. Knupsen's method of molecular effusion through a small orifice, in

which the amount of vapour passing through is measured instead of the pressure,

2) Martin Knudsen, Ann. d. Phys. Bd. 32, p. 809, 1910.

3) Martin Knudsen, Ann. d. Phys. Bd. 35, p. 389, 1911,
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§ 2. The ab.b'ohite manometer. From the different tbnns described

by Knuüsen we chose one without sealed on

£ windows or ground joints in order that tlie iip[)a-

i-atus conld be heated to 300°. Tins heating is

advisable for the purpose of removing the occluded

gases fi'om the metallic parts and so obtaining a
P [)ernianent high vacuum. The working part of

the manometer is represented in fig. 1. A german-

f^
silver tube B of 'i nun. wall thickness was

Oi flattened by means of a roller and pi-ovided with

M a loose lid D, while the lower end remained

open. F, and F, are the two windows through

which the molecules enter the tube : thej proceed

from the wall of the glass vessel in which the

tube is contained and which is alternately at a

high and at the ordinary temperature, and strike

against the mica-plate M, movable round a vertical

axis, on which they exert a turning moment
which at a given temperature is proportional to

the pressure. The plate M is suspended from a

platinum strip (obtained by rolling out a platinum

wire of 0.08 mm.) and is provided with a piece

of iron (length 2 mm., diameter 0.07 mm.) for the

purpose of regulating the sensibility by means of

a magnet. The platinum strip is hard-soldered to

thicker platinum wire at both ends. The lower

wire is connected to M, the upper one passes through the screw E
and is clamped with the screw e. By means of E M can be made
exactly parallel to the flat sides of B.

i4 is a platinum wire which prevents the mica plate falling down
when the apparatus is inverted.

The two windows 0^ and 0^ serve for the reading of the rotation

of M : for this purpose the outer edge of the mica plate is observed

in a JjEitz reading microscope with eye-micrometer. The temperature

of the german-silver tube is read on a thermometer which is in

metallic connection with it and protected from i-adiation by means
of the tube H.

The tube B is held in the glass vessel (fig. 2j by the springs S.

The dimensions of the various [)arts of the ap[)aratus were as follows :

area of V, 9.030. J. 18 cm^

„ „ F, 9.005 . 1 .20 cm^

10

Fig. 1,

20
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distance between the centres oF T^ and V,

(arm of couple)

length of mica plate

width ,,

moment of inertia

time of oscillation 'JuU period)

J. J 90 cm.

J 2.70 cm.

3.117 cm.

J.415 gr. cm"-.

0.53 sec.

magnification of microscope 4 mm. = 87.5 soale divisions on micro-

meter.

In tig. 2 is shown the maimer in which the manometer was

mounted.

Womnx'W. y(

ywvè>

KJ

Fig. 2.

The tube B is placed inside a glass tube which is provided with

a water-jacket W; through W hot or cold water can be passed,
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as reciiiired, by nieans of tlio piiicliiiig' sltcvv^ A'^ and A'^. The leiii-

peratiire of the jacket is read on the tiieniionieter 7^
The vapour pressure tube A' uhit-li is sealed to the nianonieter

tube, bent over and closed at the bottom, is placed in a cryostat

with a calibrated resistance thernioineter which gives the temperature

of the evaporating' surface. The diametei- of the tube A* was J. 71 cm.

The best method of securing an even temperatui-e in the cryostat

is stirring with a "pump-stirrer", in this case however, as the smallest

vibrations disturb the readings of the manometer, preference was
given to the use of a stream of vapour-bubbles evolved by local

heating with an electrically heated wire.

§ 3. Calibration of the absohite manometer. In the first |»lace it was
necessary to consider for what range of pressures the manomelei-

may be used as an absolute instrument. In the second place seeing

that the distance of the mica-plate to the windows V cannot be

treated as infinitely small and the sensibility can thus only be

calculated approximately, the value of a scale reading at given

difference of temperature between outer wall and mica plate must

be expressed in baryes.

According to Knudsen the force per cm' K on the plate in the

limiting case, when the mutual collisions of the molecules may be

disregarded, is given by

where p stands tor the pressure, 7\ and 7\ for the temperatures

of plate and wall respectively.

As regards the condition under which this formula may be used,

it is found that in oj-der to reach an accuracy of Va Vo i" the final

result, the free path must be at least ten times the diameter of the

tube. The range of the manometer is thus different according to the

gas used. For carbon dioxide according to Bkeitenbach's measurements

of the viscosity at 20° p.l = 7 A, if p is expressed in baryes and A

is the mean free path in cms. From this it follows that the range

of our gauge reaches up to about 0.3 barye.

The range can also be determined by connecting the manometer
with spaces, where known pressures are established, and ascei'taining

for what pressures the elongation remains proportional to the pres-

sure. In any case it is necessary, with a manometer such as ours

which, as we have seen, does not allow the calculation of the

reduction factor from the dimensions of the apparatus, to make
measurements for the determination of this factor. By extending the
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calibration to pressures at which the elongation is no longer propor-

tional to tlie |)ressnre (supposing the rotation in any case to be

infinitel}' small) the a|)|)aratus can be made into a pressure-indicator

i'or that range, instead of an absolute nianon)eter.

For the purpose of the calibration the manometer was connected

with a system of pipettes according to Knudskn^), for the description

of which vve refer to a subsequent paper ''). The results are contained

in the following table:
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where T^' and 7'," represent the temperatures of outer wall and

mica plate (properly speaking tube B) resi)ectively in the experiment

at llie ordinary temperature, 7'./ and 7V the corresponding tempe-

ratures in the experiment at higher temperature, c the value of the

reduction factor calculated from the dimensions of the apparatus

(^as we have seen this calculation can only give an approximate

value), «, and a^ tlie two elongations. The second column gives

the ditferences of the successive p:-essures, the third the same ditFe-

rences according to the observations w^ith the pipettes.

In the first series the limits of proportionality are evidently far

exceeded: it can therefore serve as a calibration of the manometer

as a pressure-indicator. The second series shows clearly that at first

the absolute manometer gives greater values for the pressures than

the pipettes, which are however in a constant ratio to the latter,

while later on its readings are lower than those of the pipettes, as

might be expected^). It is also intelligible that our manometer gives

higher readings in the beginning than the pipettes considering that

the distance between the windows and the mica plate cannot be

taken as small as compared with the width of the windows, so that

parts of the movable mica plate outside the perpendicular projection

of the windows will also be struck by molecules which proceed

from the heated wall. This action along the edges owing to which

c can only be approximately calculated was considerable in our

case; its influence on the pressure follows immediately from the above

1

calibration numbers: obviously c has to be replaced by c =
0.881

1.135 c.

^ 4. IVte measurenients.

a. The manometer mounted as in lig. 2 was then exhausted for

a long time under strorig heating to 300° C. : for this purpose it

was joined to a GaedI', molecular airpump, for the loan of which

we are indebted to the kindness of Lkybolds Nachf. of Cologne, which

we here gratefully acknowledge. As aj)pears from the measurements

communicated below it is j>ossible to use this excellent, reliable and

easily worked instrument continuously at pressures of 0,007 barye

without the least trouble. After having been connected to the pump

at the tem[)erature mentioned for about a day the manometer ceased

to give oft' gas. The vacuum had become constant. The small

remaining pressure was thereupon measured, while the vapour

') Debi.te (Physik. Zs. 1911, p. 1115) has tried to I'epresent lliis behaviour by

a formula of approximation.
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pressure tube 7^ was first placed iu liquid oxygen and afterwards

in methane of diiferent temperatures. It appeared that the vacuum

remained constant within the limits of accuracy and was independent

of the temperature of the vapour pressure tube^). Carbon dioxide

carefully dried and repeatedly distilled in vacuo was now introduced

tlirough a side tube into the tube R, which was cooled with liquid

air. When a sufficient quantity had passed over, the apparatus was

again connected to the molecular pump and evacuated during a

considerable time. The manometer was then sealed off from the

pump at a and the pressure measured, while 7^ was surrounded

with oxygen boiling under reduced pressure. It was found that the

vacuum was the same as before the introduction of carbon dioxide,

from which it follows that at — 205° C. the vapour pressure ot

carbon dioxide must be smaller than 0,005 barye. A difference ot

0,002 barye could be clearly detected and the influence of vibration

was also just below this value; 0,005 barye could thus not escape

observation.

[3. x\s a rule the further observations were mpde in the following

manner: first the manometer is brought approximately to temperature-

equilibrium, and the thermometers 1\ and 7\ are read ; warm water

is then made to pass through K^ until a suitable temperature is

reached ; T^ and 1\ ai-e again read and the reading on the eye-

micrometer is taken. Finally cold water is let into K^. until 1\ has

about assumed the original temperature, after which a second obser-

vation is made at the same temperature.

The calculation is made iu the manner explained in section 2.

As described the vacuum was measured before carl>on dioxide

was admitted, It being at tcmi)Gratures between — 160° C. and

— 200° C, when 0,007 baryes was found for the pressure. After

sealing off the same value 0,007 baryes was found. A complete

series of' observations was then taken, first with methane and then

with oxygen in the cryostat. The api)aratns was then left standing

for a few days, after which a new series of observation was taken.

In the mean time the vacuum appeared to ha\c risen to 0,016

barye. If this change is taken into consideration the two series

agree well with each other.

In table II the two sets of measurements are combined.

The figures in the 3"^ column are derived from those in the 2"'^

1) The radiation-pressure did not amount in our case to more than 0,05.10—3

barye, when the wall was at 100° G.
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TABLE II.

Vapour pressures of carbon dioxide at temperatures between

— 183O.0 and — 167O.04.

j

Pressure observed I

Temp. 'in baryes diminish-' Vapour pressure
T- 273°.09

;
cd by residual

;
in baryes.

i

pressure
\

Calculated
according to

Nernst.

— 183°0
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uncertainty arising out of this cause at present. In those experiments

a little more time will have to be allowed for the settinj^ in of the

equilibrium pressure.

'^ 5. Deienninniions ivitli the hot-wire manometer.

With regard to the choice of the shape and dimensions of the

x'apour-pressui'e tube R, used in the measurements with the absolute

manometer, the question arises whether sufficient account has been

taken of two causes of disturliance which may influence the results

obtained. The tube being long cannot in itself be considered a

sufiicient precaution to exclude radiation from above, by which the

temperature-equilibrium of the evaporating surfiice is rendered un-

certain ; furthermore it has to be ascertained, whether the surface

of the liquid bath may possibly be at a lower temperature than the

bath at the spot, where the temperature is measured ^).

In view of the degree of accuracy of the measurements with our

absolute manometer the errors arising out of these causes of disturb-

ance may be neglected.

With our hot-wire manometer the accuracy which could be attained

in the region of less low pressures, at which measurements were

also ijitended, was considerably higher. In designing the vapour

pressure apparatus intended for the measurements with this manometer

the possible influence of the aforesaid causes of error was therefore

carefully avoided.

The hot-wire manometer which we used is represented in fig. 3.

It consists of a WoLLASTON-wire (0.005 mm. in diameter and about

10 cm. long), stretched in a frame of platinum Avire abc which

forms at the same time the one electrode of the current. The second

electrode e is insulated from abc h.\ means of glass. The Wollaston-

wire is fastened between /> and (/.

The dimensions are so chosen, that a pressure of 1 barye can be

measured with great accuracy. This is the case when the diameter

of the wire is small compared with the mean distance described by

the molecules since their last collision : for as long as this condition

is satisfied, the loss of heat by the wire may be taken approximately

proportional to the density (or the pressure) of the gas. Owing to a

deviation from proportionality, which is due to the heal flowing

1) Gomp. Kamerlingh Onnes and Braak, Comm. W. 107a. Even after 6 liours

there was no sign wliatsoever of a distillalion of carbon dioxide at the bottom of

U to the neiglibourhood of the level of the liquid in the batli.
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off at the ends of the wire, a calibration is

required. For this purpose the pressure was determ-

ined by means of tiie set of pipettes referred to

before. The loss of heat is measured as follows.

The wire forms one of the arms of a Wheatstone

bridge (fig. 4) ; the corresponding arm has a resist-

ance approximately equal to that of the wire, when

it is heated to the definite temperature, which has

been chosen with a view to the sensibility (in our

case 86 degrees above 20° C.) : it is kept at

this temperature by regulating the main current.

The two other arms have equal resistance (chosen

in connection with the galvanometer resistance).

The P. D. at the ends of a portion of one of these

resistances is measured with a potentiometer free of

thermo-effects : this gives the necessary data for the

computation of the loss of heat.

The calibration was carried out with the set of

pipettes mentioned above. Fig. 5 gives the two

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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vapour pressure tubes. They were partly doublevvalled ; the walls

are sealed together at the tO}) and free at the bottom.

Where the external tube ends, the inner tube becomes narrower

and is bent round in a spiral finishing up in a small bulb ; this

bulb is placed at the level of the middle of the thermometer. In

the space between the two walls of the tube a wire is inserted

which can be electrically heated, so as to secure, that the bulb is

the coolest place of the vapour pressure tube. The object of the

spiral is to compel the molecules which come in from above to

collide a number of times with the wall before reaching the bulb.

That part of the tube cannot contribute to the thermal molecular

pressure, as it is practically at the same temperature over its

entire length.

We have made a series of observations for carbon dioxide with

this apparatus ^).

We confine ourselves here to those measurements which give at

the same time a check on the last measurements with the absolute

manometer contained in Table 2. The results were as follows:

TABLE III.

Vapour pressure of carbon dioxide at about — 168°.
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high. We are uncertain as to the oaiise of this diflferencc -. most

probably it is due to an uncertainty in the temperature with tlie

absolute manometer.

It is of special interest to compare these observations with Nernst's

formula. The fourth cohimn of Table II contains the pressures accord-

ing to this formula, calculated with the constants which Falck ')

has determined with the data at his disposal. Falck found the following

expression

6000 1 0,009983
loqp = . y l.lhloqT r + 3,1700^'^

4,571 T ^ ''

4,571
^

where p is the pressure in atmospheres.

The correspondence will be seen to be satisfactory considering the

degree of accuracy of the observations. It does not look as if the

constants could be materially improved.

Physics. — "On the equation of state of an ideal monatomic gas

according to the quantum-theory.'" By Dr. W. H. Keesom. Supple-

ment N". 30<2 to the Communications from the Physical Labora-

tory at Leiden. Communicated by Prof. H. Kameklingh Onnes.

(Communicated in the meeting of May 31, 1913).

§ 1. Introduction. Sumniari/. Debije*) has shown that agreement

with the observations concerning the specific heat of solid substances

can be obtained by modifying the theory of Elnstein ^) in this sense,

that the formula^) which PLA^CK has given for the mean energy at

the temperature T of a linear electrical oscillator is applied to the

different principal modes of vibration of a solid.

It seems natural to apply the same principle to other material

systems which can behave as an oscillator and hence to investigate

the correctness of the consequences which follow from the hypothesis

1) Falck: Physik. Zeits. 1908, p. 433.

2) P. Debije. Ann. d. Phys. (4) 39 (1912), p. 789.

3) For the literature see : H. Kamerlingh Onnes and W. H. Keesom. Math.

Enz. V 10, Leiden Gomm. Suppl. N». 23, § 74c.

*) Debije makes use of the original formula of Planck, VViirmestrahlung, Isto

Aufl., p. 157. The more recent formula, Warmestrahlung, 2te Aufl., p. 140, which

differs from the first by the introduction of a zero point energy, leads to the same

results as regards the specific heal as long as the frequencies do not depend upon

the temperature. For processes in which the frequencies change, cf. P. Debije,

Programme for the Wolfskkhl lecture, Physik. Z S. 14 (1913), p. 239, it can

give diverging results for solids too.

J 5*
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that Planck's principle of finite elements of energy holds for each

principal mode of vibration of an oscillater whose motions can be

described by linear differential equations, whatever its constitution

may otherwise be.

In this paper those consequences will be deduced for an ideal

monatomic gas. Similar applications of the quantum-theory to an

ideal monatomic gas were alreadj^ made bj' Tetrode ^) and by

Lenz"). Sackur^) also makes use of the quantum-theory for the

deduction of the equation of state, but in a different way.

The deductions of Tetrode and of Lenz are based on the sup-

position that each principal mode of vibration of a gas enclosed in

a given vessel exchanges its energy by whole energy elements at

once. If this supposition is accepted it can be made probable by

contemplating the exchange of energy between the gas and the

radiation which is in equilibrium with it, that these energy elements

have a magnitude h ln\ v being the frequency of the (longitudinal)

waves in the gas, k the well known Planck's constant. The mean

"temperature energy" per mode of vibration is then found to be

1 hv
, k being the well known constant of Boltzmann's entropy

z
kT -

e 1

principle.

As Prof. Kameri-ingh Onnes and I communicated to the Wolfskehl

congress last month, this treatment gives results which do not conflict

with observations on the equation of state of helium only '') on

the condition that, in writing down the mean energy per mode of

vibration for an ideal gas, a zero point energy to an amount of

— hv is added to the above-mentioned expression for the temperature

energy^). The same zero point energy was recently assumed for

1) H. Tetrode. Physik. ZS. 14 (1913), p. 212.

2) Gf. A. SoMMERFELD, Programme for the Wolfskehl lecture, Physik. ZS. 1

4

(1913), p. 262.

3) 0. Sackur. Jaliresher. der Schles. Gesellschaft fur vaterl. Gullur, Febr. 1913.

*) Viz. on the supposition that the determination of the frequencies of a gas in

a way corresponding to that which Debije fohows for a solid may be considered

as approximately correct.

=; Hence the fundamental assumptions of this paper diverge from these of

Tetrode and of Lenz by the iulroduction of the zero point energy, from those

of Lenz moreover by the fact (§ 2), that for the magnitude of liie energy elements

i/o hr is accepted.
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tlie molecular rotations by Einstein and Stern ^) for the explanation

of tlie behaviour of the specific heat of hydrogen.

The supposition of a zero point energy corresponds to the newest

ideas of Planck, according to wliich an electrical oscillator absorbs

energy from radiation continuously, but emits energy by whole
quanta at once. According to the fundamental hypothesis underlying

this paper, a similar behaviour should therefore be made also for

the ideal gas.

In order to be able to write down an expression for the total

energy of the whole system we need the knowledge of the "spectrum"

of the gas. We will suppose, that this spectrum can be determined

in a way corresponding to that in w^iich the spectrum of a solid is

determined by Debije.

With these data the equation of state of an ideal monatomic gas

can be deduced, and then all thermodynamic quantities for such a

gas can be derived. The pressure is found "") to be greater than the

"equipartition value" /; = ^^/^ ; at high temperatures it deviates

little from this value, the ratio of this deviation to the M\lue itself

approaching ultimately indefinitely to 0; at low temperatures, if the

gas may then still be treated as an ideal one, the pressure approaches

to a value which depends upon the molecular weight and upon
the density, but does not depend upon the temperature. That value

we call the cero point pressure.

For a gas like helium at normal density and say 0° C. the devi-

ation from the equipartition value appears to be still small. It has,

however, already such a value that for instance in determining the

VAN DER Waals quantities «,,- and hv., or in the discussion of the

virial coefficients, as was done for the second one in Suppl. N°. 25

(Sept. '12) and N". 26 (Oct. '12), that deviation has to be taken

into account. The zero point pressure for helium at normal density

is found to be V, mm. At greater densities deviations from the

equipartition laws become more important.

For the specific heat at constant volume of a gas like helium

(supposed to be ideal) at normal density an appreciable deviation

from the constant equipartition value is found only at extremely

low temperatures '). Ultimately the specific heat also decreases and

1) A.Einstein and 0. Stern. Ann. d. Phys. (4j 40 (1913), p. 551. Sackur, I.e.,

assumes the zero point energy also, as is done in this paper, for the molecular
translations.

3) Gf. 0. Sackuk, I.e.

*) That the speeific heat of monatomic gases deviates from the equipartition
value in an appreciable measure only at extremely low temperatures was ah'eady
predicted by Nernst and Lindemann, ZS. f. Electrochem. 17 (1911). p. 826, note 1

;

Nernst, Physik. ZS. 13 (1912), p. 1066. [Note added in the translation.]
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approaches to 0. The suppositions underlying' the deductions of this

paper imply that also for ideal gases Nernst's heat theorem is valid.

The results derived in this paper for an ideal gas may also be of

value for the theory of free electrons in metals. For this we refer

to the next paper.

§ 2. The energy elements. We may imagine the equilibrium

between radiation and molecular translatory motion in an ideal ^)

monatomic gas enclosed in a given vessel to be brought about in

the following way : let the vessel which contains the gas be sur-

rounded totally or partially by a vessel which contains radiation.

The walls of the latter vessel are thought to be perfectly reflecting

on the inner side. In the wall which is common to the two vessels

a cylindrical hole is made, in which moves a piston (reflecting on

the side of the radiation). This piston is held, e.g. by a suitable

constructed spring, in such a way that under the action of the

pressure of those rays which have a frequency v' it is forced to

vibrate. We may interpret the newest theory of Planck so that

exchange of energy (absorption as well as emission) takes place

only by whole quanta at once, if we take care to add the zero

point energy to the value of the energy at equilibrium of an

oscillator derived on that supposition. So we may suppose that

those rays can give their energy to the piston only by quanta ot

magnitude liv'. The pressure of radiation, being proportional to the

product of electric and magnetic force, has the frequency v = 2v'

.

The piston is forced to vibrate with the same frequency under the

action of the pressure.

We suppose v' to be chosen in such a way that r is a principal

frequency of the gas. The motion of the piston will then excite

vibrations in the gas of the same frequency v. We will suppose

that the piston can transfer the quanta hv' immediately to the gas

in the form of energy of rays with its frequency v (whether the

piston transfers all the quanta, which it receives, in- this form, or

only part of them, and perhaps remits another part to the radiation,

is immaterial). A mode of vibration v of the gas then receives energy

by quanta Itv' = 7^ ^^^'•

The reverse, viz. transfer of energy of a mode of vibration v in

the gas by the aid of the above-mentioned piston to the mode of

vibration v' in the radiation must also be assumed, in fact in the

case of equilibrium to the same amount per unit of time. We could

^) By this I understand in this paper a gas such, that the volume of the

molecules themselves and their mutual attraction need not be considered.
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imagine that the energy transferred to the gas in the first process

is remitted to the radiation by another way, e.g. with another

frequency. In this case energy would, however, move continuously

in a cycle. This one will not feel inclined to accept.

In the way indicated above, say by the application of a sufficien

number of similar pistons, the equilibrium with the radiation can

be brought about for all principal frequencies of the gas. If there

are still other ways in which energy can be transferred from radiation

to the gas molecules or vice versa, the nature of the equilibrium

will presumably not be changed thereby.

The result of these considerations is that we shall admit — in so

far as the above argument is not considered sufficiently cogent we
will put as a hypothesis which may be justified or not in its con-

sequences — that in the equilibrium between the molecular trans-

latory motion in a gas and radiation enei-gy elements of a magnitude

\ hv play a part, if r is a principal frequency of the gas.

§ 3. The energy and the entropy of an ideal monatomic gas. In

calculating the mean ^) energy and entropy to be ascribed to a definite

mode of vibration with frequency v of the gas, we follow the

reasoning which Planck, Warmestrahlung 2^° Aufl. § 135—143

follows for ideal linear electrical oscillators. Considering that for the

gas according to § 2 we have to do with energy elements ^ hv we
obtain (cf. Planck I.e. equation (22))

:

where s-, and z«v represent the mean entropy and energy for the

mode of vibration considered.

The temperature T^ is determined by 1 — 1= —
. In this differen-

tiation at constant volume the wave-length A remains constant; v is

connected with A by the relation v = 7;., c representing the velocity

of propagation. In ^ 4 it will appear that in the gas, when in

thermodynamic equilibrium, on the suppositions for which the simple

laws of propagation of sound hold, c is proportional to f/Va, also

when equipartition does not hold, where U is the total energy of

molecular translatory motion of the gas. We will now assume that

Ibr each mode of vibration we may put c -^ u^l-i. This hypothesis is

inconsistent with observations for vibrations which we can observe

as sound, e.g. for vibrations with small amplitude, if they are

1) Numerical mean if we think the gas to be repeated many times.
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considered isolated. For vibrations with very small wave-lengths,

which are here the most important, it may, however, be assumed

to hold, in connection with their relation to heat motion, at least

as an approximate hypothesis for states which differ only little from

the state of equilibrium. It then follows^) that

1 ( hv 1 .—— + -hv\ (2)

kT ,
e — 1

As the different modes of vibration, which are possible in a gas

enclosed in a given vessel, must be supposed to have the same T
in the state of equilibrium, equation (2) at the same time represents

the part which each mode of \ibration in the gas in the state of

equilibrium at the temperature T contributes to the whole energy.

We now assume that we obtain an approximately correct value

for the whole energy if, in a way corresponding to that which

Debi.te follows for a solid, we suppose the number of different

principal modes of vibration which are contained in the region

determined by the frequencies v and v -\- dv to be equal to ')

c

and cut off the so determined "spectrum" at v,,,, given by putting

the total number of modes of vibration equal to the number of

degrees óf freedom 'SN. V represents the volume of the gramme-

molecule of the gas, iV is the number of Avogaduo. We then obtain:

9A^ i

"J

1';/)

U-=^. I 1—4-7 + lhv\v^dv, .... (4)

where Vm is determined bj*

kT

9 N
--C' (5)

4jr V

For the total entropy an expression can now also be easily given.

1) As SoMMERFELD loc. cU. observes, the hypothesis mentioned above causes

as it were automatically tliat at high temperatures tlie mean energ-y per degree

of freedom becomes — '/o kT, as it must be for the molecular translatory motion.

For the difference of equation (2) from the corresponding one of Lenz cf.

p. 228 note 5.

3) in accordance with a remark by Tetrode, I.e. this expression can be easily

deduced for a cubical vessel from the formula for the wave-lengtlis occurring in

it: Rayleigh, Theory of Sound II, 2nd ed. London 1896 p. 71.
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§ 4. The pressure, a. We will assume that the relation

2 U
P=3F («)

as depending on the isotropy of molecuhir motion and on the

elementary fundamental law of dynamics regarding the connection

between force and momentum, remains generally valid. As Tetrode

1. c. shows, we have then also in general

10 U
'' = ^M' (')

J/ being the molecular weight. By (4), (5), (6) and (7) the equation

of state of the ideal monatomic gas is given.

It is easily demonstrated, that the expression for the entroi)y

deduced from (1) is consistent wdtli tliis equation ^).

If we introduce

hv hv,n

Ü'=^'W = -'
•

(«>

we obtain

9 (1 I r§' di)

By introducing the "characteristic temperature" ^, determined by

'=^=r{r.v) -{ym) ('*"

we can write

•v = - ......... (11)

b. High temperatures. Developing for high temperatures ^), we obtain

3 I 3 5. 3R 3 2?,
)

2 1^52! 7 4! ^ 9 6!
j

^ '

1 1 1

where B. =z -
, 7? — —

- , i? — -—
. . are the Bernouillian coefficients, or

6 30 42

3 111 1 1

U ^- Nk 7' 1
-I

x' x' H x' ....... (13)
2

I
^ 20 1680 ^ 90720 !

^
'

Limiting ourselves to the two tiist terms the })ressure becomes

NkT i 1 <9M
ü = \l\ (14)F

I
20 2'M

and according to (10), substituting for ^^ oidy the first term of (13):

1) Cf. H. Tktrode, 1. c.

2) According to Debije 1. c. this development is suitable from x = to a; = 2.
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h { 9 ]SI\h /5 NkT\k
^^'»"=k{T.v) U^j • • •

*^^")

Taking iV= 6,85. 10", - = 4,86. 10-1', /l-^r 1,21 . 10-16, ^g obtain

<9r7»ö) =: 45,1 . i¥-V. F-'/3 TV. (15/>)

^{T»Oj is connected with ó^^ to be introduced in c by the relation

:i-2

^(T»0)=::(^--^„TJ • (15.)

For helium at 0° C. and 1 atra. we find — 13.2. From (14)

follows a deviation from Boyj-e's law to an amount of 0.127oo-

Tiiis deviation is in the direction found by experiment and has such

an amount that with reasonable suppositions about tlie van der Waals

constants it is not in conflict with the value experimentally observed ')

:

0.512Voo- On the other hand there would have been contradiction

if in the expression (2) for the energy the zero point energy had

not been taken up. This, and a similar result concerning the pressure

coefficient of helium between 0° and 100° C. were the reasons

which led Prof. Kamkrlingh Onnes and me in our communication

to the Woi FSKEHL-congress to the hypothesis of the zero point energy

for an ideal gas.

Although the deviation from Boyle's law, which follows from the

application of the quantum-theory in the way explained in this paper,

is still small in the special case discussed above, it nevertheless

appears (and for greater densities this is even more the case), that

in discussing the equation of state this deviation has to be taken

into account. Further discussion in this direction has to be postponed,

however, to a later communication.

c. Loiü temperatures. ¥oy low temperatures the following develop-

ment ^) is more a})propriate

:

U^- Nkt\~x-\-~-^~ X 2 e--^ _-|- + +,(16)
2 (8 \h x^ „r=i V^*"^' ^ ''^ *^^ n\x^J\

with X acc(n-ding to (11) and (10). The first two terms give (ÏX< <9):

U— ^NkSAl -\ , (17)

where
/r / 9 i\^Y/3 5 Nk

8 z= - A . (18a)

or (cf. b)

d, = lQ\ .M-^V-'lz (186)

1) H. Kamerlingh Onnes, Gomm. No. 102a, Dec. 1907.

2) According to Debye, I.e., suitable from x=z<x: to x = 2.
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For the pressure p is found :

p = -U -\ (19)

For helium at normal density ^„^0.239. Hence formula (17j

would be valid for helium at normal density at extremely low

temperatures only. At these low temperatures helium at that density

can no longer exist as an ideal gas. If we call zero point pressure,

p^, the value which p according to (19) assumes for ^=0, p^ is a

quantity which immediately enables us to get an estimate of the

deviations from the Charles's law which are to be expected at low

temperatures. For helium at normal density the zero point pressure

is found to be ^) 332 baryes = 0.25 mm. If from this we deduced

3
(he temperature according to p^RT/v, a temperature — <9„=:0°.09

would correspond to it. The error in the reading of such a thermo-

meter, which would occur according to the above application of the

quantum-theory, will remain below this amount.

For the purpose of the theory of free electrons in metals we

write (19) in the form '')

p = aV-'U ^ bT' V, (20)

where a and h are constants whose values can be easily dei-ived.

It is easily verified that the tirst term of (20) does not cause

any decrease of temperature at adiabatic expansion: external work

is done at T=0 at the expense of the zero point energy.

§ 5. The specific heat. a. From (4) the specific heat at constant

volume can be derived : for this purpose it is to be taken into

consideration that r,„ depends according to (5) and (7) on the tem-

perature'). We will write down only a few terms of the two cor-

responding developments.

1) The result obtained here differs from that obtained by Sackur I.e., although

the above deductions in many respects run parallel to his.

-) The occurrence of the positive power of V gives a warning that the range

of validity of this formula at larger V extends to correspondingly lower T only.

3) An expression is found, which can be brought to the following form :

a,^ 5 yc^jsoi rc^\
, 1 ./"^ + ^

a.jsoi 10 e^ — l

For the values of
( -^^ )

, i.e. the ratio of the specific heat for a solid belonging

\Cao Jsol

to X to its limiting value at high temperatures see Debue I.e. p. 803, or Nernft,

Berlin Sitz.-Ber. 5 Dec. 191i2.



h. Higli temperatures. For high temperatures {T^^O) we tind :

Cr,—— {\ I
(21)

Hence the deviation in the specitic heat is of a smaller order of

magnitude than that in the pressure. The temperature at which Co

deviates 1 "/oo fi'o™ the constant equipartition value, is determined

by X ^ 0,85. For helium at normal density this temperature is

found to be T=0,9; hence except at a considerably larger density

a deviation of the specitic heat from the equipartition value could

not be observed experimentally.

c. Low temperatures. For the theory of free electrons in metals

it is of interest to develop the formula for the specific heat at low

temperatures. From (17j we find immediately (Tw^o)-
12jr^ /Ty Sji* /TV

'^"=— ^H^o)=-r-^'-UJ • • •
(^^)

Cyoo , the value to which Q, approaches at high T, being one

half of the corresponding value for a solid the multiplicand of

I
—

I
is equal to that for a solid : cf. Debue, I.e. p. 800.

From (20) in connection with (22) it follows on account of the

well known thermodynamic relation between Cj> and Co that their

ratio X approaches to the value 1 as 7^ approaches to q.

Physics. — "On the theory offree electrons In metals". By Dr.W. H.

Keesom. Supplement N". 30i^ to the Communications from the

Physical Laboratory at Leiden. (Communicated by Prof. H.

Kamerlingh Onnesj.

{Communicated in the meeting of May 31, 1913),

§ 1. Introduction. Summary. It seems natural to transfer to the

theory of free electrons^) in metals the considerations of the former

paper regarding the application of the quantum-theory to the equation

of state of an ideal monatomic gas. The frequencies in an electron

1) Planck, Berlin Sitz.-Ber. April 3, 1913, has recently treated the equilibrium

between oscillators, free electrons and radiation on very special suppositions, which

for the free electrons lead to the equipartition laws. The mode of treatment

followed in this paper may in some measure be considered as the reverse of that

by LoRENTz, These Proceedings April 1903, where from the motions of the free

electrons (in the case of equipartition) he deduced the law of radiation (which

holds in that case).
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gas with the same order of magnitude of tlie number of particles

per unit of volume, become very mucli higher than in the ordinary

material gases. Hence the limiting laws deduced for low tempera-

tures may be valid for a system of free electrons up to much higher

temperatures, possibly even in the region of temperature which can

be reached experimentally. The consideration of the dynamic equili-

brium between the free electrons and the electrons within the

molecules of the metal leads (§ 2) to the supposition, that at low

temperatures the number of free electrons per unit of volume

approaches to a constant finite value. The same is then the case for

the mean velocity of the free electrons.

In this manner the application of the quantum-theory to the free

electrons in a metal leads for low temperatui-es to the suppositions

regarding velocity^) and density of electrons, on which Wien^)

recently based his theory of electi'ic conduction, in which theory

further, as was done previously by Kamerlingh Onnes^) and by

LiNDEMANN ^), the quantum-theory is applied to the molecular oscil-

lations which impede the motion of the free electrons. On the other

hand the application of the quantum-theory to the free electrons

leads for high temperatures, e.g. for the region of temperatures,

which is characterised by phenomena as those investigated by

Richardson fperhaps even for still higher temperatures only), to the

theory of free electrons in metals in the form in which it has been

developed by Riecke'), Drude"), I.orentz'), and which we can call

the equipartition-theory. Hence the quantum-theory appears to be

able to unite both the theories mentioned into one simple and coherent

whole.

By it at the same time two great difticulties, which were inherent

to the equipartition-theory, are solved.

In the first place it does not follow any more, as was to be

assume on the equipartition-theory, that on approaching to l'=0 the

electrons all "freeze down" ^), a phenomenon which is contradicted

1) At least as regards the mean velocity.

-) W. WiEN. Berlin. Sitz.-Ber. 16 Jan. 1913, p. 184.

^) H. Kamerlingh Onnes. Gomm. No. 119 {Fehv. 1911).

4) F. A. LiNDEMANN. Berlin Sitz.-Ber. 1911, p. 316.

5) E. Rtecke. Wied. Ann. 66 (1898', p. 353, 545.

c) P. Drude. Ann. d. Pliys. (4) 1 (1900), p. 566.

7) H. A. LoRENTz. These Proceedings Dec. 1904, Jan. 1905.

*^) A number of the images used here, borrowed from the comparison of

electrons with a substance, such as the idea of the equation of stale of the

electrons, saturated electron-vapour, equilibrium with precipitated electrons, and

frozen down electrons were developed by Kamerlingh Onnes (On the importance
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by the observations of Kamerlingh Onnes down lo the lowest

temperatures at which electric condiictixit}' has been investigated.

The application of the quantum-theory given here again allows us

to consider the equilibrium between the free electrons and the

electrons within the uiolecules as a dissociation equilibrium in the

way as lately brought to the front particularly by Koenigsbergek

for the purpose of the theory of electric conductivity.

In the second place the difticulty disappears which in the

equipartition-theory follo\> ed from the small contribution made

by the free electrons to the specific heat of the metaP), a diffi-

culty which — Dr. Oosterhuis drew my attention to this fact —
even more sharply appeal's in the theory of the TnoMsoN-heat (§ 2).

The solution of these difTiculties can at present be adduced in

favour of the application of the quantum-theory as considered here.

For a further confirmation it will be particularly required, that on

the theory it will be found possible to ascribe to the free electrons

in the metal at different teuiperatures definite densities, which on

the one side bring iuto pro[)er mutual connection the different

phenomena which depend on those densities, and which on the

other side also change with temperature in a way which seems

reasonable.

This paper, which bears only an introductory and surveying

character, cannot go so far. We will, after having given some

general considerations, limit ourselves to the treatment of the thermo-

electric power, with which the PELTiER-effect and the TaoMSON-effect

are connected.

As Hunting laws for the thermoelectric power between two metals

and for the TfiOMSON-effect in a metal a decrease to at T=0
proportional to T\ for the PELTiER-effect a decrease to proportional

to 7'' are found. These results e.g. as regards the decrease of the

thermoelectric power are confirmed by the present observations, and

may perhaps give a method for a direct experimental test of the

theory *).

of accurate measurements at very low temperatures, Leiden 1904, Comm. Leiden

Suppl. N'^. 9 p. 25 sqq , cf. also J. Becquerel and H. Kamerlingh Onnes, Gomm.
NO. 103, Febr. J 908, § 7).

1; These and the preceding considerations were for the greater part given by me
before in the discussion at the Wolfskehl congress April 25 and 26 last.

2; Since these considerations were developed by me, the article of K. F. Herz-

FELD, Wien Silz. Ber. 121, Oct. 1912, p. 1449 on contributions to the statistical

theory of radiation came into ray hands, in which the suggestion occurs that the

supposition, according to which for the energy of the free electrons in a metal

a formula would hold corresponding to that which is valid for the Planck's
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^ 2. Ill order to make an estimate of tlie characteristic

temperatures of a detinite system of free electrons it is necessaiy

to have an estimation of the density of the electrons in the system,

or, which comes to the same, about the Nolume V of a gramme-

molecule of the electron gas. It is well known that the opinions

about the density of free electrons in metals diverge largely. To

obtain such an estimation we will start in this paper from the

following fact. The Thomson constant, which (cf. § 5) may be con-

sidered as the specific heat of the "saturated electron vapour", can

be written as the difference of two terms, of which the first re-

presents the specific heat at constant volume, whereas the second

depends on the change of the density of electrons with temperature.

If the first term is calculated according to the equipartition-tlieory

and compared with the value experimentally found, the latter appears

to be always (in absolute value) many times smaller than the first

term, on the average about 753 of if- The equipartition-theory was

therefore obliged to suppose the second term mentioned above to

be constantly and for all the metals nearly equal to the first.

According to J. J. Thomson^) this would be the case if the number

of free electrons is alvvciys nearly proportional to 7'V2. The theory

of LoRENTZ, to which the mode of calculation followed in § § 3—

5

leads in the case of equipartition, would require n (the number of

electrons per cm'') to be nearly proportional to l^^l^-, Drude's theory

n to be nearly proportional to T'^'^. As far as I know for no one

of these modes of dependence on the temperature a reasonable

explanation has been given. Considered from the point of view of

the dissociation-theory they hardly can be accepted as generally

valid.

It seems to me to be more reasonable to suppose, that for the

metals the specific heat at constant volume itself has a small value

compared with the equipartition value. If for a definite metal at

0° C. we put C,. = V'50
^' «5 if follows from equation (22) with

{ISh) of the former paper o^ith 31 = iV X 0,8.10-'-^" for the elec-

trons) that for the free electrons in that metal at the temperature

oscillator, would cause dilfereut difficulties of the equipartition-theory, which are

also mentioned in this section, to disappear. Cf. further the article of Herzfeld,

Ann. d. Phys. (4) 41 (1913), p. 27, which has just appeared ; a similar remark

was made by J. Koemgsberger, Verh. d. D. physik. Ges. 1911, p. 934. A, L.

Bernouilli, ZS. f. Eleklrochem. 17 (1911), p. 689, used also the Planck-Einstein's

formula for the energy in treating the thermo-electric phenomena, but in quite a

difïerent manner from the one in this paper (cf. in particular also the remarks

by Krüger, on p. 693 of the same volume).

^) J. J. Thomson. Die Korpuskulartheorie der Materie, Braunschweig 1908, p. 77.
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mentioned F=4.10\ This corresponds to a number of electrons

per cm=' n = ^.7A0'\ &, then has the value 5500.

Hence it appears that in this region of temperature the formulae

given in §§ 4c and 5c of the former communication for the low

temperatures, will be applicable.

At decreasing temperature the density of the electrons, for a

metal like platinum, deci-eases, as follows froai the TnoMSON-constant

of this metal being negative. Later on in this section it will be

shown that for low temperatures a tinite limiting value has to be

assumed for n. We will for a moment suppose that for the tem-

peratures, which can be obtained with liquid helium, for the metal

considered above F= 10\ For this density of electrons ^„ = 139,

so that for these low temperatures also the same formulae are valid.

A fortiori this will be the case if the density of electrons is greater

than has been supposed.

For such metals as the one considered above there will therefore

be a region of temperature larger or smaller according to the

density of electrons, in which the supposition of Wien : the velocity

of electrons = const., is nearly fultilled as regards the mean velocity,

if in that region the density of the electrons does not change appre-

ciably with temperature.

It can easily be seen that this second supposition of Wien : the

number of electrons per cm^ = const., will also be nearly fulfilled

at sufficiently low temperatui-es. The number of free electrons is

determined by the dynamic equilibrium between the free electrons

in the intermolecular space and the electrons within the molecules.

Concerning the latter different suppositions may be made, e. g. that

they, or a number of them, are moving freely within the molecules.

In this case, as in general, at least at low temperatures, the density

of electrons will be greatei" within the molecule then outside it, the

velocity of the electrons within the molecule will in the region of

temperature considered be a fortiori constant if the density does not

change, it can also be supposed that the electrons inside (or on the

surface of) the molecule are more or less strongly bound to the

molecule ; the frequencies of those electrons will then depend on the

nature of this binding and perhaps also on the frequencies of the

molecules. Be that as it may, in follovv ing up the hypothesis regarding

the zero point energy (cf. the former paper) consistently we shall

have to admit that, when taking the temperature sufficiently low,

we shall come to a region in which the motions within the mole-

cule will be nearly independent of the temperature. In this region,

in so far as it lies in the corresponding region for the electrons
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outside the molecules, the density of the latter may be supposed to

be nearly constant.

It was already remarked in § i (hat in this manner two great

difKiculties of the equipartition-theory are solved. In the first place"

as regards the contribution by the free electrons to the specific heat

of the metal, the heat necessary for the free electrons dissociating

away from the molecules being included, with the values of the

density of the electrons and of its change with temperature accepted

above, this is found, at ordinary temperatures, to be only a small

fraction of the whole specific heat (order of magnitude Viooo)-

At the same time, as was also indicated, the considerations given

here show how the "WiEN-region" and the "RiCHARDsoN-region"

may be connected together. For this a closer consideration of the

dissociation equilibrium: free electrons ^ electrons within the mole-

cules is necessary. In any case it may be conjectured that the

curve which will represent the density of the free electrons as a

function of T will have, besides the part parallel to the T-axis

mentioned above for low temperatures, a similar part for high

temperatures \) (when all tjie available electrons have been disso-

ciated oflf'), and that between these two parts a region lies in which
the density of the electrons changes with temperature. When this

"boundary curve" or the corresponding "vapour pressure curve"

shall be known, the mean velocity of the electrons will follow by

the relations of the former paper. Inversely the fact that the velo-

city of the electrons is connected in that way directly with the

density, may be of advantage in deducing both from observations.

We will suppose for a moment that for a metal such as the

one considered above') at 1800° K. F=4.10'. For the energy

of the free electrons a value is then found which is more than

5 times as large as the equipartition value. It will afterwards have

to be investigated whether this result, that the mean velocity of the

free electrons at these high temperatures, for densities of electrons

such as follow from the estimations indicated above from the

TnoMsoN-heat, appears to be considerably larger than would be the

case according to the equipartition-theory, is excluded by the obser-

1) Probably this region (in so far as it should be realisable) lies for most of

the metals considerably higher than that over which the observations of Richardson

or those on thermoelectric powers extend.

~) The number of electrons per cm"\: w= 1.7.10-21^ is then still below the

number admitted for platinum by Baedeker, Die elektrischen Erscheinungen in

metallischen Leitern, Braunschweig 1911, p. 12, in his discussion of the Richardson*

effect.

16

Proceedings Royal Acad, Amsterdam. Vol. XVI.
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vations of Richardson, or on the conlrarj whether it will be able

to clear up the difliculties which still present themselves in the

discussion of the RiCHARDsoN-efifect.

§ 3. The thermoelectric power. To calculate the thermoelectric

power (for 1 degree temperature difference between the two joints)

in a circuit of two metals A and B,

we assume ^) 1 coulomb of free elec-

trons to be driven round in the direc-

tion of the arrows in the figure, cal-

^ culate the external work which in

*^
that pi-ocess lias to be jierformed on

ihe electrons as on an ideal gas, divide by clT and multiplj by
— 1. We then obtain:

"5

F = 10-8 ƒ©;'• (1)

Here F is the thermoelectric power in Volts and v represents the

volume of 1 coulomb of electrons.

With the aid of equation (1), which can also be written in the

form i^=10-8. (i|) being the free energ}"), from the

values of U and aS of § 3 of the former paper a general formula

for F can be derived. We shall only give the limiting laws for the

high and for the low temperatures.

For the high temperatures, viz. such at which equipartition

prevails, from equation (J 4) of the former paper the well known
formula

F= 10-«
k - Vb— In —

-

e Va
(2)

follows, if e = the charge in coulombs of 'J electron.

For low temperatures equation (20) of the former paper leads lo ^)

:

1) Gf. K. Baedeker, 1. c. Gf. . also F. Krüger, Physik. Zeitsch. 11 (1910),

p. 800, 12 (1911), p. 360.

~) We remark that for these low temperatures the following simple relation

exists between the tliermoeleclric power and the specific heat of the electrons

Ae 6
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F =iO~^ .^ .2b T\Vb'— Va') . . . . . (8)
Ag

Substituting the value of b, with e = 1.4.10—^^, we find

F = 2.b2 .
10-^-'^

.
T' {Vb' —Va"-) (4)

From this result we see in the first place that the thermoelectric

power in approaching to T= ajiproaches to 0. As a matter of

fact the observations ^) for combinations of pure metals actually

point in this direction.

For a combination of the metal considered in § 2 (Vb = '^0''

for low temperatures) with a metal in which the density of free

electrons is twice as large (Fi = 1.5.10^), for 7^=4 from (4)

7^=rl.2.10~^ Volt is derived. For high temperatures, on the sup-

position that the ratio of the densities of electrons is the same there

as at the low temperatures, from (2) i^=fi.lO-6 is found. Hence

at the temperatures of liquid helium the thermoelectric power of

that combination w^ould on the supposition mentioned decrease to

V500 (^1"»^ at the lowest helium temperatures to still less) of its amount

at high temperatures.

A decrease of the thermoelectric power has been deduced by

Neknst "') from the recent formuhition of his heat theorem. Here

according to (4) this decrease of the thermoelectric power is found

to take place finally proportionalbj to T\ This law, if it should

be confirmed, and if the difficulties inherent to the measurement

of the small thermoelectric powers at the extremely low tempera-

tures can be sufficiently overcome, may be of importance for

thermometry in the region concerned.

§ 4. The FELTmR-e/fect. To calculate the PELTiER-efFect we consider

1) L. HoLBORN and A. Day. Berlin Sitz. Ber. 36 (1899), p. 691. According

to Kamerlingh Onnes and Clay, Gomm. No. 107Ö, May 1908, the thermo-

element gold-silver does not yet show that decrease at liydrogen temperatures.

Prof. Kamerlingh Onnes fmiher tells me that observations by Kamerlingh

Onnes and Holst, which will soon be published, show that this is still the

case at helium temperatures. Down to the boiling point of helium and a little

lower the gold-silver thermometer even indicates the temperatures fairly accura-

tely. Hence the importance of the further result that, when proceeding to the

lowest helium temperatures the thermoelectric power decreases rapidly to small

values. Other combinations of metals and alloys were also investigated by Kamer-

lingh Onnes and Holst with a view to Ihermometric determinations at the

lower helium temperatures. With all of tliem the same phenomenon was observed

of a rapid decrease of the thermoelectric powt.-. The thermoelectric power was in

general still considerable between hydrogen and helium temperatures. In these

cases the decrease mentioned took place at liquid helium temperatures.

•2j W. Nernst. Theoretische Chemie, 7'e Autl. Stuttgart 1913. p. 753.

16*
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ilie work which must be done on 1 couh)mb of free electrons, when

these are transferred at a temperature T from the metal A (where

thev may be contained between the planes F^ and F^ to the metal

B (where they may then be contained between the planes F\ and

F\). It is clear that peculiarities in the boundary layer between

the two metals can be left out of consideration. This work is equal

to ub -— ua + \ p dv, where the quantities u and v relate to 1 coulomb.

The expression i-epresents the heat absorbed at the transfer from A
to B, or the heat developed at the transfer from B to A. Passing

to the quantities U and V, which refer to the molecular quantity,

the PELTiER-effect, expressed in Joules, becomes

^B

n=\0-' . — \ub- Ua-\- (pdv\ (5)
Ne

""a

We shall only consider what this expression leads to for the low

temperatures. In the first place we remark that the first term in

the second member of equation (20) of the former paper, the zero

point pressure a V~^'^, does not give a contribution for the Peltier-

efFect. This corresponds to the remark made in § 4 of that paper,

that at the adiabatic expansion of an ideal gas at 7^=0 external

work is done at the expense of the zero point energy. The second

term in the development of U and /; for low temperatures gives :

n=.\^-' .—.^hT'^Vn'-VA') (6)
JSe

If attention is paid to the units in which F and TI are here

expressed, it is immediately seen that the Kei.vin's relation between

n and F is satisfied.

It appears that the PKLTiEU-effect in approaching to J'=0 will

decrease to and that the decrease ^vill finally take place accord,

ing to 2'\

§ 5. The TFiOMSON-e^(?c/. Applying a reasoning similar to that

of the former section to the TnoMSON-efFect we find, that, as is

well known, the TuoMsoN-coefficient a represents the specific heat

for the free electrons if in healing the volume of the electrons

considered is changed so thai the electron gas as a "saturated vapour"

remains continually in equilibrium with the electrons within the metal

atoms (which also change in temperature). Hence it is the specific
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lieat of the ''saturated electron vapour". As according to our tlieoi-y

tlie density of the saturated electron vapour becomes constant at

low^ temperature, a there reduces to the specific heat at constant

volume. Paying attention to the units used we therefore obtain for d,

expressed in Joules, at those low temperatures

,

"=!«-' 4.-^" (^)

or

^— 10--:.— .6^». T'F^ /g)

Again it is easily verified that the Kelvin's relation is satisfied.

Hence the TnoMsoN-effect also approaches to at 2^= 0, and

this according to T^

Physics. — "Lvt/ieniials of di-atomic substances and their binary

mixtures XIII. Liquid-densities of hydrogen between the boiling

point and the triple point ; contraction of hydrogen on freezing
"

By Prof. H. Kamerlingh Onnes and Dr. C. A. Crommelin.

Comm. N". i37« from the Physical Laboratory at Leiden.

(Communicated in the meeting of June 28, 1913).

Densities of liquid hydrogen have so far only been determined by

Dewar ^), As a more accurate knowledge of this quantity is of

importance for the equation of state the following measurements

were undertaken. They were made with the same apparatus as

served for argon. ^)

The temperature was determined by measuring the vapour pressure

of the hydrogen in the cryostat. The sensibility of this method is

very great, as 1 mm. difference in vapour pressure corresponds to

0°.Ü04 at the boibng point and to 0°.02 at the triple point. The
measurement does not therefore require great care being taken. As
shown by measurements by Kamerlingh Onnes and Keesom, the

vapour pressure may be determined by reading the pressure in the

cryostat itself, instead of in a special vapour pressure tube filled

with pure hydrogen and placed in the cryostat, if an accuracy of

0°.02 or 0°.03 is considered sufficient.

1) J. Dewar, Proc. R. S. (A) 73 (1904) p. 251.

2) E. Mathias, H. Kamerlingh Onnes and G. A. Crommelin, Proc. Oct. and

Dec. 1912 and Jan. 1913 Comra. N". 131a.
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The tempei-atnre on the KEJA-iN-scale ^) corresponding to these

vapour pressures are taken from measurements by Kam krlingh Onnes

and Keesom, not yet published. Their results have not been definitely

calculated, but the small corrections which may be as yet required

are of no importance for the object of this paper.

For the method of calcuhiting the volumes we may refer to the

paj)er on tlie diameter of argon quoted above.

The results are contained in the table. It also gives the densities

calculated by the quadratic formula

Or ;• = « + hT -\- CT"^
s I iiq ' '

with the following values of the constants:

a = + 0.084404

6 r=i — 0.0002230

c — — 0.00002183

made to fit the readings at — 258°.27, — 255°.99 and the boiling

point.

The deviations from this formula will be seen to be very small;

they are witliin the limits of accuracy of the observations, except

possibly at the highest temperature. It may be added, that the density

at the boiling point was not directly observed, but was calculated

from the neighbouring observations.-

The first column contains the number of the observation, the

second the temperature below 0° C, on the KELviN-scale, the third

the density observed referred to the density of water at 4° C, the

N\
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fourth the density according to the formula and tlie fifth the difference

of the latter two.

In addition to the liquid-densities the density of solid hydrogen

was also determined. It was first of aW ascerisiineó theii solid /iychvge7i

is /wavier than liquid Jujdrogen and, therefore, that on freezing

contraction takes jjlace. For this purpose the hydrogen in the cryostat

was frozen; a solid crust is then formed on the liquid. If the pressure

is now made to rise slowly, this crust divides into fragments which

sink down in the liquid and collect at the bottom of the vacuum-

glass. It was not till this observation was made, that we ventured

to freeze the hydrogen in the dilatometer without fear of bursting

the very carefully calibrated instrument.

In order to be sure, that the freezing would proceed from the

bottom, the tube of the dilatometer was movable in a stuffing box,

which was fitted in the lid of the cryostat. After the hydrogen in

the cryostat had been frozen to an opaque solid mass, the dilatometer

was pushed down slowly. The hydrogen in the dilatometer was then

frozen lo a homogeneous transparent mass. At the moment of

reading the volume of the solid hydrogen, the pressure in the cryostat

was 0.66 cm.

In order to obtain an estimate of the temperature, the vapour

pressures of solid hydrogen being practically unknown, the vapour

pressures according to Kamerlingh Onnes and Keesom were extra-

1

polated by means of the log p, — diagram, in which the vapour

pressure curves are known often to be very nearly straight lines,

neglecting the break in the curve at the triple point. In that manner
the temperature corresponding to a pressure of 0.66 cm. was
found to be

— 262°.0.

The density or solid hydrogen at this temperature was found to be

^rsoi = 0.08077 .

Putting the triple point temperature, according to the same measu-

rements at

^cocx. lic^. vap. &ul. ^— nOo .li

extrapolation by means of the above formula gives for the liquid

density at that point

('Fcoex.liq.vap.sol. —— ^^.^7/ i\Jv.

Assuming that the density of solid hydrogen at the triple point

does not differ appreciably from that at — 262^, the contraction on

freezing is found to be about 4.8 7o of the liquid volume.
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Physiology. — Farther experimental liwestujatlon.s of the internal

secretion of the pancrms. (By N. Watkrman M. D.). (Coni-

raunicated by Prof. Dr. 0. A. Pekelharing).

(Communicated in the meeting of June 28, 1913).

In a previous publication ') we discussed some properties of the

blood from the pancreatic vein (containing what may presumably

be considered as tiie internal secretum), and concluded from our

experimentation that the secretum of the pancreas subserves the

glycogenesis of the liver. No effort was made to detect whether this

influence is due to a diminished splitting of the glycogen in the

liver or perhaps to an increased formation of glycogen. As known,

J. DE Meijer') has pointed' out that various pancreatic extracts,

which are made to pass artificially through the liver, cause a relative

increase of glycogen. On the basis of these investigations De Meijer

accepted the second alternative. I have also endeavoured to make

up my mind about this question, in a different way from de Meijer's

though, partly because circumstances compelled me to adopt a

different method, in default of the expensive apparatus for artificial

circulation, partly because the results of de Meijer's experiments did

not appear to me altogether conclusive on the following grounds:

1. frequent errors are incidental to artificial circulation, so that

out of 17 of DE Meijer's experiments 6 (= 1/3) were discarded

outright

;

2. after all, we are disposed to think that critics must find fault

with the values de Meijer obtains in his glycogen-determinations

and especially with his way of calculating large percentages from

insignificant absolute differences. Some examples to illustrate this;

I.e. page 48 we are told that a double circulation evolves an

increase of 0.00158 7^ of glycogen. In the 4^'' experiment on page 49

the examination of about 70 grs of liver yielded an absolute differ-

ence of 0.00428 grs. of glycogen. Still the percentage differences

for these experiments were given even as high as 15 and 20 perc.

I, therefore, followed out another plan, which of course will also

be at fault in one way or other, but which, in my opinion, resulted

in very serviceable evidence. I proceeded as follows:

A number of dogs were put under a profound narcosis and during

one hour and a half they were given in most cases per jugular

vein, rarely per pancreatic duodenal vein, a certain dose of Locke's

1) These Proc. Vol. XVI, p. 2.

2) J. DE Meyer, Archives Internat, de Physiologie. Vol. IX, 1910.
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solution or of venous hluod IVoni a noi-nuil dog or of blood from

the pancreatic duodenal vein. The amount of glycogen was estimated

before and after the irrigation.

To this conduct of the experiment the following objections may
be raised

:

1. One dog is more susceptible to the narcotic than another, and

moreover reacts in a different way (to mention an essential point,

there is a difference in the duration and in the intensity of the stage

of excitation).

2. A laparotomy is performed and part of the liver is extirpated

durante vita, to which stimulant acts various dogs are apt to respond

in different ways.

3. Some loss of blood is inevitable.

We should bear in mind, however, that every experiment upon

a living organism must involve errors, but also that if the experi-

ment is performed upon a large number of animals these errors

may probably neutralise each other in part or altogether.

Method: Dogs of from 4 to 22 KGs. were narcotized with chloro-

form ; the abdomen was opened and a portion of the liver was

removed. The following precautions were taken; the operation was

always performed in a very warm room (21°—26° C) to minimize

the fall of temperature. The narcosis was as profound and as restful

as possible. The portions of liver removed varied between 20 and

40 grs. ; they were cut off by means of scissors that were rather

blunt and had been warmed beforehand ; there was no fear of

parenchymatous bleeding and only some large veins had to be

ligated. The abdomen was left open only for a \Q,Yy short space

(except of course in the two cases of injection per pancreatic vein)

and even then the laparotomy-wound was covered throughout the

whole experiment with a warm tampon, soaked with physiological

saltsolution. Subsequently fluids were injected per jugular vein for

one hour and a half in most of the experiments. Irrigation was

performed from a burette on stand, so that the velocity of the in-

flowing liquid could be regulated by means of a tap.

After one hour and a half another piece of liver of approximately

equal weight was cut off as fast as possible.

Finally a determination was made of the amount of glj^cogen of

both pieces of liver. In order to ensure a proper amount of glycogen

the animals had been given about eight hours before the operation

a diet consisting of 100 grs. of cake. Owing to outward circum-
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stances this was not done in one case, and in another the meal

was given onlj 5 hours prior to the operation.

The amount of glycogen was estimated after Pflüger's method

;

immediately after the extirpation the portions of liver were put in

a 60 7„ solution of KOH and were weighed.

The detailed reports of the experiments contain particulars relative

to the fluids injected intravenously.

FOURTH SERIES (Ü).

1. On the 24th of December 1912 I extirpated 38 grs. of the liver of a dog,

weighing SVa KG , which had been fed with amylacea eight hours before. The

piece of liver was forthwith subjected to the process described. Hereafter I injected

per pancreatic duodenal vein 50 c c. of a mixture of 100 cc. of serum + 50 cc.

of defibrinated Ijlood + 50 cc. of Locke's solution.

The remaining 150 cc. of this mixture was injected slowly per jugular vein.

After an hour's irrigation another j)Ortion of liver of 24 grs. was removed and

subjected to the same process.

The blood and the serum had been obtained the evening before from the pan-

creatic vein of a dog under the influence of a subcutaneous injection of 50 cc.

of secretin. The blood had been kept cool, not in the refrigerator.

The glycogen of the 1st portion of liver amounted to 3.825 ^/q.

„ , 2d , „ , , „ 3.905 0/0.

So there was a slight increase of glycogen of 3 ^/o-

2. On the 28th of December 1912 26 grs. of liver were taken from a dog of

12 KG. Directly after this 180 cc. of Locke's solution was given per jugular vein

from a burette in the space of two hours. The laparotomy-wound was covered

with warm tampons. At the end of the experiment the rectal temperature was

36.7°. The solution had been heated to 30^ G., the room-temperature was

20—^22° G. After the irrigation a second portion of the liver (29 grs.) was excised

The amount of glycogen of the 1st portion was 1.71 ^Jq.

. „ „ „ „ 2d „ , 0.895 o/„.

This reveals a considerable loss of glycogen of 50 o/q.

3. On the 30th of December 1912 a dog weighing 15 KG. was irrigated in a

similar manner with 180 cc. of Locke's solution during one hour and a half.

Beforehand 41 grs. of liver had been extirpated and again 37 grs. after one hour

and a half.

The amount of glycogen of the 1st portion was 3.995 o/p.

„ , . „ „ 2d , , 1.712 0/0.

Consequently a loss of 56 o/^.

4. A dog of 8 KG., which had not had the ordinary diet, was irrigated intravenously

with the following mixture : 60 cc. of defibrinated blood + 40 cc. of serum, ob-

tained from jugular blood collected the day before from a healthy dog. To this

mixture was added 50 cc. of Locke's solution. The irrigation lasted one hour and

a half Beforehand a portion of the liver (31 grs.) had been removed. After the

irrigation a piece of 34 grs.
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Tlie amoLinl of glycogen of llie 1^1 piece was 0.l7l"/()-

Sc the loss was 36 "^/o.

5. On the Glli of January 1913 llie following mixture was thrown into a dog

of 9 KG. per jugular vein during one liour and a. half: 88 cc. of blood + serum

(obtained from the pancreatic duodenal vein under the influence of secretin)

+ 70 cc. of Locke's solution Room-temperature somewhat lower than usual (20° C).

The abdomen was covered with warm cloths soaked with a physiological salt-

solution.

39 grs. of liver had been removed before the process, 30.8 grs. after it.

The amount of glycogen of the first portion was 4.23 ^/q.

„ . second , „ 4.17 "/q.

In neutralizing portion 1 after the inversion' a slight excess of KOH was added

somewhat too quickly, which originated a light brown decoloration.

G. On the 19^'» of January 1913 a dog of 11 KG. was given per jugular vein

during one hour and a half a mixture of 100 cc. of serum + blood + 40 cc.

of Locke's solution. The blood had been obtained the previous evening from the

pancreatic vein under the influence of secretin. The dog from which it had been

drawn was very old. The pancreas had greyish white spots, rather smaller than

a threepence : there was besides suppuration of the cysts in the postate ; the urine,

however, contained no trace of sugar whatever.

After the first extirpat'on of liver venous hemorrhage ensued, which could be

staunched only by ligation. The room-temperature was 19° G.

Previously 26.6 grs of liver had been excised. After one hour and a half 29 grs.

The amount of glycogen before the irrigation was 3.61 %.
after „ „ „ 2.87 o/o-

This points to a loss of 21 %.

7. On the 25''^ of January 1913 the following mixture was used per jugular

vein upon a dog of 5.5 KG. : 60 cc. of defibrinated blood -f 30 cc. of serum from

the jugular vein of a normal dog -|- 50 cc. of Locke's solution. Room-temperature

26°— 22° G. Duration of the test one hour and a half.

32 grs. of liver had been removed previous to the irrigation, 29.7 grs. after it.

Amount of glycogen before the irrigation 2.638 %.
after , , 1.677 0/,.

Loss 33%.

8. On the 28"' of January 1913 24.8 grs. of the liver of a dog (6 KG.) was

excised. Injection per jugular vein of: 25 cc. of defibrinated blood + 40 cc. of

serum from the pancreatic vein (obtained the evening before) taken up with 20 cc.

of Locke's solution are freed from protein by three times their quantity of 96 "/q

alcohol. After filtration the mixture is evaporated down to 80 cc. at 70° G. and

again Locke's solution is added to 150 cc. A filtration error causes a loss of 50 cc.

so that an equivalent volume of Locke's solution has to be added again.

24.8 grs. of liver had previously been removed and 23.8 grs. after one hour

and a half.

Amount of glycogen before irrigation 2.024 %.

n n n after , 1.03 Vo-

Loss 50 o/q.
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During the irrigation llie clog had two syncopes so tliat tlie respiration had to

be maintained artificially.

9. On the 31^' of January 1913 a dog of 7 KG. was given 200 cc. of a mixture

of 50 cc. of blood -j- 100 cc. of serum obtained the previous evening under the

influence of secretin from the pancreatic vein of a dog. Locke's solution was added

to 200 cc. Besides a secretin injection this dog had also had a light meal of

carbohydrates.

The irrigation lasted one hour and a half; only once breathing came to a

standstill.

Beforehand 25.1 grs. of the liver had been excised, afterwards 28.4 grs.

Amount of glycogen of the 1^' portion was 2.36 ^ q-

2"d 1 77 ^L

Loss 20 0/ü-

10. The same large dog from which pancreatic blood had been drawn for

injection of the dog in N^. 9, had the pancreas removed. Part of this (8/5) was rubbed

up with about 40 cc. of Locke's solution and mixed with three times this quantity

of 96 7o alcohol. After filtration this liquid was evaporated down to Vs of its

volume in a porcelain dish at 70° G. and subsequently Locke's solution was added

to 180 cc.

Three days after the preparation (on the 3'"^ of February) the liquid was thrown

into a dog of 4 KG.

Previously 1?.2 grs. of liver had been extirpated. 12.4 grs. one and a half hour

later.

The amount of glycogen of the first portion was 2.41 ^'/o-

» » second „ „ 1-48 %.
The loss, therefore, appeared to be 37 ^\^.

11. On the 11"^ of February 1913 a dog of 12 KG. was given during one hour

and a half per jugular vein normal blood (100 cc. made up to 140 cc. with Locke).

First I tried to inject part of it per pancreatic vein. However, when 10 cc. had

been injected a venous hemorrhage had to be staunched. We therefore performed

further injections per jugularis.

Four hours before the dog had taken a copious meal of amylacea so that the

digestive process was at its height. The narcosis proceeded regularly.

Of the liver 14.6 grs had been removed before the injection and 40 grs an

hour and a half after it.

Amount of glycogen of the first portion 7.823 "/o-

„ „ second , 6.433 "/j.

Here the loss was 18*'/o.

12. An extract of the pancreas of the dog whose normal blood had been used

in N". 1] was used upon a dog of 5 KG. The extract had been prepared as

follows: The pancreas, weighing 23 grs, was rubbed up with Locke, then heated

for one hour and a half to 60° G. to destroy the ferments; after this it was

subjected to a low temperature (about 5° G.) and used next day after filtration through

cotton wool and addition to 190 cc. After precisely an hour's irrigation a shock

occurred; in less than no time a portion of the liver was cut off.

Extirpation of 14.6 grs of liver before injection; after an hour 13.3 grs.

Amount of glycogen of the 1^^ portion 10.88 %.

, . . . n
2"<i

, 6.76 0/,.

Loss after an hour 38 ^/q.
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13. On the 25*ii of February a mixture of secretin and Locke's solution was

thrown into the jugular vein of a dog weighing 7 KG. The secretin had been

prepared as follows: In the space of 2 X '^ liouis an extract was made of tlie

mucous membrane of the duodenum with absolule alcohol in Soxhlet's apparatus;

only then it was macerated with HCl and after boiling up neutralized with sodium.

There was a secretin solution of 50 cc. to which 130 cc. of Locke's solution had

been added. Irrigation for one hour and a half.

Of the liver 24 grs had been excised before the injection and 88 grs one hour

and a half after it.

Amount of glycogen of the 1** portion 4.356 '%.

o ml 0) PXin 0/

Loss of glycogen 87 o/,,.

14. On the 3'^ of March a dog of G KG. was given per jugular vein 50 cc. of

pancreas blood + 60 cc. of serum -|- 50 cc. of Locke's solution, obtained the

preceding evening from a dog under the influence of secretin.

The dog was very restless under the narcosis ; vomiting occurred twice.

Before the injection 37 grs of liver had been removed; 21.9 grs one and a

half hour after it.

Amount of glycogen of the 1^* portion 9.035 %.
„ ,

2"d , 6.683 0/,.

Loss 26o/o.

TABLE I.

Liquid injected Gain or Loss
of glycogen

Time of

irrigation
Particulars

Secretin-Pancreas venous blood
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15. An alcoholic extract of the pancreas, the blood of which had been used

in the foregoing test was given to a large dog of 30 KG. The extract had been

prepared in the following manner: 20 grs of pancreas had been rubbed up and

macerated with 100 cc. of 65 ^o alcohol. During 'V^ hour this macerated substance

was evaporated down to Va of i^s volume at 65° C, made up to 180 cc. with

Locke's solution and filtered through wadding.

The dog received this fluid during one hour through the jugular.

The first portion removed from the fiver was 33 grs.

The second (an hour later) 35V2 grs.

Amount of glycogen of the 1^' portion 4.124 %.
„ „ „ „ „ 2d „ 4.356 0/0.

The narcosis was remarkably restful, without any disturbance.

In this experiment there was a gain of 57o-

For an easy survey we summarize the results of this series of experiments in

the preceding table.

CONCLUSIONS.

Above all we observe that narcosis, laparotomy- and liver-extirpation,

in spite of continual irrigation bj injection of a fluid deemed favour-

able, result in a loss of glycogen. This is after all not surprising,

if we bear in mind that a number of glycolytic factors act upon

the liver. Among others: the narcosis per se, often associated with

considerable agitation; the animal's emotions; sometimes spasmodic

contractions caused by vomiting; loss of blood; fall of body-tempe-

rature. Nevertheless the fact deserves consideration in view of the

surgical process. The loss of glycogen averaged about 50 7o- Further-

more it follows from our experiments, that if defibrinated blood and

serum is given instead of Locke's solution, the decrease of glycogen

is considerably less. An injection of venous blood from a normal

dog lowers the amount of glycogen to about 29 7o i-^- about half

of the average. The average fall is still greater if irrigation is

accomplished with blood collected from an active pancreas. Then

the average decrease is only about 15 78» ie- Vs of the splitting

caused by irrigation with Locke's solution.

Irrigation with normal blood, more particularly with pancreatic

blood, therefore, inhibits the loss of glycogen in the liver, nay in

one very successful experiment even a slight increment of glycogen

was noticeable.

We have now to consider the problem as to how this result was

effected. Three hypotheses offer themselves for discussion.

a. The blood favours glycogenosis.

b. The blood impedes glycogenolysis.

c. The blood neutralizes the inimical influence of the narcosis,
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As for the third theory it seems to me that the volume of the

injected blood and serum (about Vi„ of the blood of the body) is

too small to act vigorously. With regard to the other two, I do not

think it quite possible as yet to decide in favour of either of them.

Still, I incline towards the former, because occasionally an augmen-

tation of glycogen was to be noted, which on no account can be

originated by prevention of splitting alone. It is obvious that most

often the splitting pi-evailed over the formation of glycogen.

Additional conclnsions from this series of experiments are the

following

:

In two cases an aqueous extract of the pancreas yielded negati\e

results; positive results, however, were obtained twice from an

alcoholic extract. Aqueous extracts and Locke's solution resulted in

an equivalent fall of the glycogen, alcoholic extracts in one instance

in 7» of the average, in another a rise of 5 "/„ was observed. It

seems then that the excitiny mjent of the pancreas is soluble in

alcohol, not in loater. It is probable therefore, that this agent is

present in the blood rather in physical adsorption than in chemical

solution.

Again the thermostability was proved in both experiments. Lastly

we notify that a secretin deprived by alcohol of its vaso-dilating

substances acted favourably upon the amount of glycogen in the liver.

Results compared loith those of De Meyer.

Broadly speaking also this series of experiments lends support to

J. de Meyer's evidence. Our methods of investigation differ esseji-

tially, which renders the ultimate accordance in our results ail the

more satisfactory. My plan differs from de Meyer's 1. in experimenting

in vivo with all its drawbacks and advantages; 2. in the lack of

double circulations in the liver.

The accordance in our results consists in :

1. aiding the glycogenesis even through normal blood more than

through a physiological salt solution.

2. a greater activity in this respect of blood that has passed

through the pancreas.

It may also be remarked that the volume of the injected fluid is

considerably smaller than De Meyer uses in his experiments. It

should be borne in mind, however, that I worked in vivo, an

advantage of which is that glycogenetic factors are allowed to exert

an action beforehand, since a normal fluid containing sugar passes

through the liver.
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Recapitiilaiion :

1. Normal blood, in a higher degree still blood from the pan-

creatic vein, aids the glycogenesis of tlie liver.

2. Alcoholic extracts of the pancreas seem to have the same effect.

3. The material which incites this action is thermostable.

FIFTH SERIES (E).

We considered the following problem. If it is a fact that the

pancreas furnishes the venous blood with a substance, that promotes

the glycogenesis, it follows that in the case of experimental pancre-

atic diabetes, when especially also the liver-glycogenesis is disturbed,

a favourable influence of this blood upon the progress of the disease

must be noticeable. We have set ourselves the task to ascertain this.

Method. Of some dogs the pancreas was extirpated in the following

way: With the utmost attention to asepsis the abdomen was opened

by an incision parallel to the right arcus costalis. While the bleeding

was being stopped with due care, the pancreas was searched for

and extirpated after Hedon's method. An essential characteristic of

this process ib that no ligatures are applied along the duodenum,

but that the pancreas is separated from the duodenum by scratching

with a sharp nail and the bleeding is staunched only by plugging

vigorously with a tampon ; anotlier characteristic is that particular

caution is given to ligation of a small vein, which joins the tail of

the pancreas to the spleen. Now in reality Hedon's method applies

to extirpation of the entire pancreas in two stages (part of the

proximal extremity of the pancreas, which is provided with a sepa-

rate vascular bundle, is transplanted under the skin of the abdomen).

However, extirpation of the entire pancreas did not answer our

purpose, because it quickens and aggravates the pathological progress

to such an extent that it becomes difficult to watch the effect of

some therapeutic procedures. We did not see the necessity for trans-

planting part of the pancreas, and only left a piece of it intact (at

a rough estimate 2 to 3 grs) in the neighbourhood of the place

where the ductus choledochus enters into the duodenum. An
additional advantage of this method is that icterus, which often

ensues from an extirpation of the pancreas, can be avoided.

The abdomen was irrigated with a warm physiological solution,

after which the different layers were closed successively. Most

times the animals recovered pretty soon. We subjoin the exper-

iments which resulted in diabetes after a partial excision of the

pancreas. Parenthetically I wish to recall to mind an extirpation,
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TABLE II.

Date Weight Diet Urine
D per- D N
centage total total

'«/Vfl
< o

Particulars

June 14 4.4 KG.

„ 15 4.4 „

,, 16 „

» 17
I

I)

I

1

I

19

none ' 80 cc I 0.4 o/o' 0.32

vomiting 175 „ ' 0.2 „
' 0.35

lOOgrs of horse) •

flesh -j- 350 grs 230
of milk 1

320

20 4.35 „

21

„ 22

„ 23 4.2 „

., 24

„ 25 4.1 „

„ 26 4.1 „

''7

120
145

6.48„ 15.55

4.6 „ 15.C4

i

41 „ 10.86

121 „ r 6.7
70 .. s 10.8

2.92 5.36;

3.83 13.82

I

i

2.445 4.44!

8.107/ 1.50 5.30
7.56 s 1.00 5.8

15.66 2.80

162 „ / 5.8 „

142 „ H 4.2 „

144 „ }

142 „ ^

9.39 / 1.92 ^4.88
5.96 VI. 68 !i 3.58

15.35 3.60

4.1
3.8

5.96
5.39

1.90
1.60

3.20
3.36

111.35 3.50

112 „ / 2.43,,^

il40 „ ) 6.35„S

7.03,,/'180

110 3.15„\

,12

16

1.80 }

3.- S

S very hungry and thirsty

/ as on all following days

At 8 p. m. i.e. after the

first 12 hours subcuta-
neous injection of 35 cc.

of blood from the pane,
vein collected the previ-

ous evening under the

influence of secretin.

2.6

160 „ ^!

160 „ S;

205 „

J113 ..

6.2 „ 19.8 4.33

5.2
10.4

10.60 / 1.91

11.3 V2.17

21.9

3.2

4.6

[5.56

15.40

After these 12 hours
another subc. inj. of 20
cc. of blood from the

pancr. vein. One hour
after the inj. the values
of bloodsugar are compa-
red. Before the injection

0.227"
; after it 0.237"'o.

Blood was drawn under
a light narcosis bychlo-
rofoVm.

^232
„

160 „

324 „ /

120 „ )

6.9 „/

6.7 „S
26.7

7.2 „ 31.5

6.2

7.75

3.66

A I

17
Proceedings Royal Acad. Amsterdam. Vol. XVI.
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whicli did not lead to diabetes even after 6 weeks, although the

venous hlood of this dog (see Exp. 34. Table V of the previous

publication) was competent to occasion a fall of the N-metabolism

in another dog in N-equilibrinm.

Experiment 55. A little dog (4Vo KG.) had on the IS'h of June 1912 its pan-

creas (14 grs."» removed in the manner just described. The animal passed well

through the operation. The table on page 257 gives the history of the disease

together with the particulars worth mentioning.

For want of further particulars 1 leave off tabulating. Suffice it

to say here, that glucosuria was increasing all along to as much as

40 grs. and more, that the N-metabolism was maintained constant,

that, however, on the l^t of July acetone appeared for the first

time and the animal was killed on July 4. The section brought to

light a small portion of the pancreas of the size of a die, which

looked unimpaired.

All organs had exchanged their natural colour for a yellowish

white. This was due to strong lipemia, which made the bloodserum

creamlike.

The effect of our injections is of course a matter of the highest

interest to us. From the values recorded above we may be justified

in deducing the following:

The first injection of 35 cc. of pancreatic blood lessens the diuresis

and raises the glucose percentage to such an extent (from 6 to 107o)
that it cannot be a matter of mere chance. However, the N-percent-

age does not rise so much, so that D/N increases. For all this thei-e

is no augmentation of the quantity of sugar secreted on the day

itself nor on the two subsequent days. On the contrary it is slightly

lowered (15— 11 grs.), which can neither be a casual fluctuation,

as for instance on the 18-'' of June, since the decrease continued

for more than twice 24 hours. This decrease coincides with a process

in the composition of the urine which is the reverse of the one

just mentioned, viz. an increase of the N-amount and of the diuresis

and a fall of the glycose-percentage. The effect of the second injec-

tion, on the 25'*' of June, is far less obvious, it is almost negative.

It is true, only 20 cc. is injected and the dog is subjected to a

slight narcosis with chloroform prior to the puncture of the vein, but

here a temporary rise of the glycogen-percentage is followed by a

fall ; the quantity of urine, however, first remains constant and in-

creases later on. Absolute decrease of the sugar secreted is out of

the question, rather the reverse takes place. Neither do we note

any favourable influence of ihe injection on the hyperglykemia.
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Experiment 57. On the 19th of September 1912 a rather large dog (11 KG.)

has 21 Va grs. of the pancreas extirpated after the ordinary method: a small

duodenal portion is left in the abdomen. The operation was attended with some
troubles: frequent escape of blood and repeated vomiting occurred. Recovery ensued

without complication and on the 22d of September the dog was restored so far, that

he took meat and drank milk. The urine contained bile-pigments but no sugar.

TABLE III.

Date Diet D per- ^
^^"t^g^

total

TV

total
^/n

<f.

Urine Particulars

Oct. 2

„ 4

„ 5

.. 10

300 grs of horse
flesh, 150 grs of

cake. 200 grs
of water. After-

wards unlimit.

10.7

KG.
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On tV.o 2cl of October i.e. only a fortnight after the operation the first traces of

sugar nppear. 'fhe substances j ust mentioned liave disappeared.

Tlie following table gives particulars about the experiment with this animal.

Retrospect. Here we have a case of a typical incomplete pan-

ci-eatic diabetes (Sandmeyeu). Not until a fortniglit after the extirpa-

lioii diabetes is gradually evolved and reaches its acme only after

three weeks.

With regard to the injection of blood from the pancreatic vein,

obtained the previous evening under the intluence of secretin, we
notice an effect similar to that of the foregoing experiment. In the

first place a smaller cpiantity of urine associated with a i-ise of the

D-percenfage. As for the N-percentage the values are not very

demonstrative, because the urine had been standing for more than

24 hours. We could not make a reliable Kjeldahl-determination on

the most important day (Oct. 13). Still also in this case a relative

decrease seems to have occurred, succeeded by an insignificant

increase.

Lastly it appeared again that after injection the total D-secretion

was for some days considerably lower than before.

On the 'J9'^i of October the animal was sinking so fast, that sub

finem vitae D-secretion as well as N-elimination was retroceding.

On (his account the animal was despatched.

At the section no considerable modifications (lipemia) were

detected ; owing to several adhesions nothing was to be seen of

residues of the pancreas.

Experime'nt 59. In my judgment the following test yields weighty evidence.

The time of ob;invation was longer. Four injections of pancreas secretum were

given.

In the ordinary way 20\/^ grs. of the pancreas of a dog is extirpated on

the 22d of September 1912. At a rougli guess 2 grs. is left in the abdomen.

Operation comes off quickly and without a hitch. As early as the 23d of Sept.

the dog takes water and milk. A trace of protein and a small quantity of sugar

is present hi the urine. On the 24th of September the dog is tolerably well, only

somewhat languid, vomits once more, l)ut eats some horseflesh and cake. A con-

siderable amount of sugar is present in the urine. The following table illustrates

our subsequent experience.

Rett'ospcct. This is a serious case of diabetes, clearly demon-

strating the influence of different acts. The first two injections were

attended by an irregular secretion of urine on the preceding days,

as evidenced respectively by 8 and 17 grs. of sugar on the 27''^

and 28 '' of Soplciubcr, which, when expressed graphically, yields
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Date Diet Urine
!
D o n

D

total

N

total

DIn Particulars

Sept. 25 15C grs flesh • <

10 » cake '

„ 26

„ 27 200 grs flesh I

/

10 » cake
I

*

)! 28, „

29

21

292

214

150

234

38

144

186

100

228

150

240

180

100

78

1?3

182

170

278

255

170

120

200

66

68

224

118

205

58

78

136

3.6'/,,! 10.6

5.1

5.3

7.3

2.9

7.4

6.1

8.6

10.2 „

7.5 „

8.1 „

10.6 „

8.7 „

9.1 ,.

9.1
,

9.2
,

9
,

6.9
,

8 ,

9.38

11.1 „

7 „

10 „

10.6 „

8.3 „

7.5 ..

10.9

8

17

I.l

10.6

11.3

8.6

23.2

11.25

19.4

19

8.7

7.1

16.67

16.6

15.3

18.9

20.4

27.2

22.2

4.6

6.8

23.7

9.79

15.3

2.9

3.89

3.616

2.41

6.22

1.9

3.14

4.27

1.99

7.43

3.—

6.9

5.99

3.5

3.25

5.83

4.51

4.42

6.83

6.63

6.11

5.84

3.—

2.56

5.42

4.41

3.15

1.62

2.7

3.3

3.—

2.7

3.3

2.6

4.3

3.1

3.75

3.2

3.1

2.5

2.2

2.9

3.G

3.5

2.7

3.1

4.4

3.8

/
-

Dog languid, not greedy, not
very thirsty.

50 c.c of pancreas scrum ob-
tained tlie previous evening and
maintained at 0-6° C. is injected
intravenously after first 12 liours.

Again 50 c c. of the same serum
72 hours old is injected at the
beginning ot the "following 24
hours.

After the first 12 hours subcut.
inj of 120 c.c. of defibrinated blood
collected tlie evening before under
the influence of secretin from the
pancr. vein and kept cool. Greater
appetite.

1.5



262

false apices. To all appearance the average ^'alue approximates the

ti'iith. It was moreover a mistake to make the second injection

after too short an interval from the first; this was done lest the

activity of -the substance should get lost; it would have been better

to inject both portions simultaneously. Yet also after these injections

a relatively slight fall of the D-secretion appears to take place,

which is still perceptible after a i'ew days. Furthermore a shoi't

increase of the D-percentage is to be noted especially after the

second injection by virtue of which the D/N coefticient rises con-

siderably.

The results of the third and the fourth injections are still more

demonstrative. At the third the D-secrction during three days falls

short of what could be expected from the rise of the previous days.

Later on the excretion of sugar, likewise that of urine increases

rapidly. The changes in D- and 7V-concentriition are not conspicuous.

The fourth injection results in still more striking alterations. The

total Z)-secretion is lowered from 27 grs to 22 grs and 6 grs. The

quantity of urine diminishes from about 300 to 200 and 60 cc.

The Z)-percentage is suddenly exalted to rather more than 11 "/« ^"^^

the Z)/JV-coefficient to 4,4, and 3,8 to fall again later on to 1,5.

Here then we have an accumulation of all the alterations announced

beforehand. Some particulars however must not be forgotten, viz.

after the 13^'* of October the dog declines nearly all food. However,

this fact does not in itself elucidate matters satisfactorily, since on

the 16'^' of October the sugar-secretion is normal again.

Secondly the table shows that on the 12"^'^ of October acetone is

found in the urine for the first time, which no doubt will be attended

with other changes in the metabolism. Even this, however, does

not lessen the value of our results, seeing that acetonuria was on

the decrease and ultimately disappeared entirely, when the animal

was sinking rapidly and was sub flnem vitae on the 17^'' of October.

This proves that spontaneous lowering of the i)-secretion sub finem

vitae (a well-known phenomenon) must be carefully distinguished

from the D-secretion after injection, which contrariwise evolves a

separation of large quantities of acetone.

We have to add in this connection, that we suspect the 4"^^

injection to have been noxious to the animal's condition, which

was not surprising after all. At the section a considerable loss of

flesh was demonstrated ; there was no lipemia ; no trace of pancreatic

residue was found.

We record one noteworthy experience. In examining the mouth

cavity of the animal bulbous tumours at the mucous membrane of
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tlie lips drew our attention; at the section it ai>i)eared that as well at

the lips as at the sublingual and buccal membrane these greyish white

protuberances wore visible and arranged symmetrically. Especially

in the sublingual membrane; symmetry was most pronounced at the

excretory ducts of the salivary glands. Thinking of the relation

betweeji the pancreas and the salivary glands we supposed this to

be a vicarious hypertrophy of the salivary glands. A microscopic

examination however did no.^ lead to detection of any glandular

tissue but only to a ranliling growth of the epithelium.

CONCLUSIONS.

A. The blood obtained under the influence of secretin from the

pancreatic vein is capable of lowering the total secretion of sugar

for some days, but also of raising the sugai'-{)ercentage temporarily.

J3. The blood commonly evolves a relative fall of A'-elimination

close upon the injection, later on a i-elative rise.

These experiences fall in with those recorded in our earlier publi-

cations. For instance the rise of the Z)-perccntage after injection of

blood from the pancreatic vein is in perfect concordance with the

fact that the same blood, thrown into normal dogs, also incites

glucosuria. On the other hand the influence on A^-eli mi nation in

dogs suffering from pancreatic diabetes, is just the reverse of the

influence in normal dogs.

Critical summnry. A comparison of our results with those of

other researchers shows some notable differences. It is self-evident

that soon after the theor}^ of the internal secretion of the pancreas

had been jiropounded, efforts should be made to render pancreatic

diabetes less virulent by throwing blood of healthy dogs into dogs

suffering from the disease. Minkowski and Hedon were the first to

make the effort. Their failure strengthened Pflüger's contrary views.

Afterwards, indeed, some positive evidence was brought forward by

FoRSCHBACH ^), who, by application of the parabiosis between healthy

and diabetic dogs elaborated a decrease of sugar secretion. Ehrmann,

who also applied transfusion, failed again. Latterly similar experi-

ments have been made by Drenman ^) and Hedon •'). Drenman obtained

a very marked decrease of sugar secretion, after intravenous injection

of large quantities of normal blood. This blood, however, had lost

^) FoRSCHBACH, Arcli. f. exp. Falli. u. Fharmat. Btl. IX, 1908.

2) Drenman, American Journal of Physiol. Vol. XXVIII, 1111.

^) Hedon, Refer. Dr. v. Herwerden. Neder). Tijdsch. v. Gencesk. 1013.
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its activity about 12 lirs after having been collected, which proved,

according- to Drknman tiiat the exciting factor is highly labile and

that the dilution of the diabetic blood cannot be res[)onsible for the

result. HÉD0N, on the contrary, inquiring into the effect of transfusion

of blood by vascidar connection, from normal into diabetic dogs,

ascribes the decrease of sugar secretion in the diabetic animal only

to the dilution of the hyperglycemian blood, while he attributes a

strong inhibitory influence on the renal secretion to transfusion.

My experience differs from Drenman's in that I did not detect

anything at all of a marked lability of the active factor in the

pancreatic blood ; anyhow, after more than 20 hours subsequent to

the removal of the blood, activity was still noted. This may be

only a quantitative difference, because in theory there are moi-e

active materials in the pancreatic blood than in the general circu-

lation. It also seems to me a sheer impossibility, to attribute the

results, reported here, to dilution of blood; first and foremost because

the quantity injected was too small in most cases ; secondly the

injection was subcutaneous, so that resorption was slow ; thirdly

the action was continued too long (on an average 2 days). In

concordance with Hedon's experiments I detected an influence

upon the renal secretion, not in such a marked degree, however,

that it could bear up my results. Lastly a permanent influence on

the N-elimination was demonstrated.

Physics. ''Oil the Interpretation of [)liotosplieric phenuinena' . By

Prof. W. H. Julius.

(Gominuniculed in the nieeling of May 31, 1913).

§ 1. It is a common belief that a body always presenting the

appearance of a circular disk, from whichever side it is looked at,

must be bounded by a spherical surface. The general conviction

that the bulk of the sun is an incandescent sphere rests on that

belief, and was a natural starting-point for solar theories.

After the effective solar temperature had been found so high as

to exceed the critical temperatures of perhaps all known substances,

the earlier idea that the main body of the sun was in the liquid

or the solid state had to be replaced by the hypothesis that it is

substantially gaseous. This new idea involved the necessity of

explaining the phenomenon of the apparent "solar surface". One

had to choose between Young's view, that the photosphere was a
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kijer of incandescent clouds produced hv condensation of certain

substances having exccj)tiontilly liigli critical teni[)cratiircs, and

Skcchi's hypothesis (aftcrwai-ds develoi)C(l by ScHWARZscnn.D and

Emden), whicli dispenses witli assuming- ck)ud-formation by supposing

the density of the sohii' gases to increase so rapidly with depth

near the level called "solai' surface", that within a layer no more
than a thousand kilometers thick, their united radiating power in-

creases from a veiy low value (in the chromosphere) uj) to that of

the black body (in tiie photosphere).

In 1891, August Schmidt took a new departure by showing that

an entirely gaseous body of the dimensions of the sun, in which

the density and the racUating power gradually decrease from the

center outward — be it even at a slow rate — - must a{)pcar like

a cii-cular luminous disk with a sharp edge, as a mere consecpience

of ray-curving caused by the radial density gradient. So the circular

aspect of the sun is not a sufticient ground for admitting the existence

of a real "photosphere", that is, of a layer characterized by some
abrupt, or even only rapid change of physical propei-ties.

Schmiüt's well-known solar theory, however, met with the severe

objection that it did not duly consider the effect of absorption and

scattering of the light ^). Rays having accomplished such long

distances on their spiral paths inside the critical sphere would be

almost wholly extinguished before emerging; they could not possibly

bring along so much energy from the incandescent core, as would
be required in order to account for the brilliancy observed in the

marginal parts of the disk. In its original form the optical interpre-

tation of the sun's edge cannot be maintained.

It is also impossible to accept the cloud-theory of the photosphere,

because the results of the radiation-measurements made at Maastricht

during the annular eclipse of 1912"-) forbid making an absorbing

or scattering solar atmosphere responsible for the fall of the sun's

brightness from the center toward the limb. Indeed, the absorbing

and scattering power of the gases lying outside the photosphere

proved to be relativelj- insignificant. The photosphere, therefore,

cannot be of such a nature that it would appear like a aniforuily

luminous disk if the surrounding gases were absent. On the contrary,

it must have in itself the property of appearing much brighter when
looked at in the direction of a radius than at an angle with the

i) R. Emden, Gaskugeln, S. 3S8-394.
E. Prlxgsheim, Physik cler Sonne, S. i266—270.

~) Proc. Roy. Acad. Amblerdam. XV, 1451, 1913; Asiropliysical Journal 37,

p. 225, 1913.



266

radius; and the law of' variation of' brightness with the angle is

different for different wave-lengtlis.

Wl»i('liever the causes may be, that make tlie sun radiate irsore

intensely in the direction of the radius than in (Hrections slanting

to it, they must be looked for in layers lying ^f/o^y the level generally

called the surface of the photosphei-e. Those layers consist of trans-

parent gases, for Ihe slightest haze of condensation prodncts, occupying

a stratum some (housand kilometers thick, would provide it with a

radiating and scatteririg power almost independent of direction, which

power the photosphere does not possess.

Assuming, on the basis of the Maastricht j-esults, that the extinction

effected by the sun's outer layers is comparatively small, we derive

from direct observations on the distribution of l)i-ightness on the

sun's disk (Voget., Abbot), how much light of a gi\en wave-lenglh

a point Jf, lying somewhere in the photospheric level, transmits on

the average along the various directions. The result may conveniently

be described, for c\ery wave-length separately, by means of an

"irradiation surface" q f> q^ (Fig. 1)'), the radii vectorcs of which

represent the average intensitiec of the light reaching .1/ from

different sides. We obtain the "eradiation or emission surface" p // q^

of M by prolonging the radii rM and making Mr' = rM.

If we wish to explain the sun's api)arent, fairly sharp, boundary,

and the law of varying brightness of the solar disk, we shall have

to consider, besides emission and absorption, the effects of dispersion,

refraction, and molecular scattering of the light traversing an entirely

1) For a method of constructing these surfaces we refer to these Proceedings

XIU, 1263; or: Physik. Zeitschr. 12, 677, 1911, or: Handwörterbuch der Natur-

wissenschaften, VII. 830, (1912).
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gaseous medium. Tlii.s is a great [)livsi('al [u-obiem, toward the

complete solution of which only the first steps are as yet being-

made^); but awaiting the linal leyidty of such investigations, we
may already atteujpt to api)iy our present knowledge ot' the -matter

to the interpretation of solar phcnon)ena.

From the astropliysical point of view one of the questions material

to the case is: what can be presnmed about the general i-adial

gradient of the density in the layers we are concerned with?

This subject has been treated very fully and ingeniously, on the

basis of thermodynamics, by Emukn in his book "Gaskugeln." Emukn

arrives at the conclusion already mentioned above, that the fall of

the densit}^ must be extremely rapid ; but the inference is open to

doubt, for in his calculations Em den presupposes gravitation to be

the oidy radial force acting ' on solar matter. According to the

present state of our physical knowledge, however, we decidedly

must admit that on the sun gravitation is counteracted by the pressure

of radiation, and by the emission of electrons and perhaps of other

chai'ged particles.

Basing on purely theoretical grounds an estimate of the intensitj^

of that counteraction would, for the present, be as rash as denying

its existence ; but some evidence in favour of its essentiality is given

by the fact, that many solar phenomena are much better understood

if we assume a radial gradient many times smaller than the one

that would correspond to gravitational conditions only. In this

connection we w^ould call attention to the puzzling properties of

quiescent, hovering prominences. Father Fenyt, in his interesting

discussion of the long series of prominence observations made at

Haynald Observatory, Kalocsa"), is very positive in his assertion that

several well-established facts concerning quiet prominences can only

be accounted for, if in the solar atmosphere gravity is reduced, by

certain repulsive forces, to a small fraction (something of the order Yso)

of its commonly accepted value.

Our hypothesis, that a similar counteraction, opposing the effect

1) Rayleigh, Phil. Mag. [5] 47, 375, 1899.

A. Schuster, Astrophysical Journal 21, 1, 1905.

H. A. LoRENTZ, The theory of Electrons, Leipzig 11)09.

L. Natanson, Bulletin de racadómie des sciences de Cracovie, .\viil 1907,

Décembre 1909.

W. H. Julius, Physik. Zeitschr. 12, S. 3^9 und 674, 1911.

L. V. King, Phil. Trans. Roy. Soc. London, A 212, 375, 1912.

~) Publikalionen des Haynald Observatoriums. Heft X, 138, (1911). Gf. also

FÉNYi, Ueber die Holie der Sonnenalmosphüre. Mem. Spellr.ilal. (2), 1, 21, (J 912).



268

of' gravitation, prevails tlirontiliout the visible layers of the siin, is

certainly not less plausible, therefore, than the exclusive hypothesis,

usually admitted, which maizes gravitation the only effective agent

in determining the radial gradient ^).

^ 2. We must now endeavour to concei\e the appearance of the

sun's edge in a transparent gaseous medium where the pressure

varies but slowly along the radius.

As already remarked, Schmidt's ingenious optical explanation

cannot be adhered to. Nevertheless the jtrinciple of ray-cur\ing

introduced by that author is extremely suggestive; it leads to the

following interpretation of the solar liml), which appears not to

encounter similar difficulties.

Let fig. 2 represent an equatorial, section of the sun. It can hardly

be doubted that besides the gradual, perhaps slow variation of oi)lical

density corresponding te the outward decretise of pressure, there are

many irre^/ular optical density yradients connected not only with the

local differences of pressure that accompany the convection cuirents

and solar vortices, but also with the diflerences of temperature and

of composition occurring in the gaseous mixture.

Now, the average magnitude of those irregular gradients of optical

density will very probably decrease as we proceed from a le\el P
toward a level Q.

Let us imagine the "'irradiation surfaces" to be constructed for a

point Pj of the level P and for a point Q^^ of Q. At the level Q the

irregular gradients may in general be so small that rays, leaving it

along a tangent Q^E in the direction of the earth, are hardly ever

sufficiently curved to be the continuation of rays coming from within

the irradiation surface of Q^ . This condition will obtain if the average

radius of curvature of ravs tangent to the level Q is more tlian,

1) In the Asti-ophysical Journal 31, p. Iü6 (1010) Mr. J. A. Andersüx has

criticized the conclusions arrived at in my paper ''Regular Consequences ot Irregular

Refraction in the Sun" (Proe. Koy. Acad. Amst. Oct. 28, 1909). His refutation of

the idea that i-efraction miglit be very momentous in solar physics is entirely

founded on the following two assumptions: 1. the photosphere may be represented

by a perfectly uniform self-luminous surface, radiating approximately according to

the cosine law, and 2. on the sun tlie weight of a gas is 27.3 times as great as

on the earth. I think, we may now safely slate that the first assumption is con-

trary to observed facts, and that the second assumption is an unproved dogma,

subject to well-founded doubts.

Moreover, a very important point, overlooked by Mr. Axdeesox is, that consi-

derable optical density gradients may result from differences of temperature or of

composition, even at uniform pressure.



say, thrcG times as great as the radius of tlie sphere Q. Then the

observer receives little light from (2^ ; lie \\\\\ consiOer the level Q
to lie outside the solar limb.

-0-

Q UHM

Fio-. 2.

i5' E

If, on the other hand, in a layer P the gradients are so mneh

steeper, that there the average I'adius of curvature of tangential

rays is smaller than, say, one third of the radius of the sphere P,

we may expect a sensible fraction of the light that P^ receives from

the interior to get sufficiently deviated in the region surrounding

/*,, so as to proceed towai-d the eaiih along the tangent P^E. The

observer will now consider /\ to belong to the solar disk.

The transition from disk to surroundings will appear abrupt if

the minimum distance between levels like P and levels like Q be

less than 700 kilometers (one second of arc). This condition is com-

patible with a rathei' slow radial pressure gradient, because it onlj-

dn
I'cqu.ires that the average radius of curvature^) (Q=:n:— ) of rays

1) "Average radius of curvature"' is here used as an abbreviated expression for

:

"llic radius of curvalure corresponding to the average value of' thai radial com-

ponent of llie irregular density gradients, which is directed toward the centre of

the sun."
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deviated by irregular gradients of' optical density be about 9 times

greater in Q than in P. (Even a smaller ratio would probably

suffice). There will then appear a circular boundary between P and

Q, lying in a plane through the sun's centre perpendicular to the

line of sight, but there is no particular "solar surface" corresponding

to it. ^)

In a level P just inside the apparent photosphere the average

value of o may still be of the order of magnitude 10^" cm. We
can easily show that to such curvatures of rays correspond quite

reasonable density gradients. F'or if we suppose hydrogen to be a

principal constituent of the visible layers, the average refraction-

'*—

1

constant /i? = —— ot the medium may be estimated at 1.5. Putting

this value, and o =i iO'", into the relation *)

./A_ 1

(is Rq »

we obtain the density-gradient 6 X 10-", which means that in two

points one kilometer (10* cm.) distant from each other the density

OJily differs 0,000006, i.e. 0,5 7o of the density of our terrestrial

atmosphere. It would be very remarkable indeed, if the general

circulation in the sun did not bring along local differences of tempe-

rature and of composition sufficient to account for density gradients

M At first sight one might bo inclined to think that tlie boundary llius defined

lias tlic same radius as Schmidt's critical sphere would have. On closer examina-

tion, however, the two notions appear to be entirely different. This is clearly

brought out with the aid of l)>e following analogous conception. Imagine a

spherical mass of liquid (radius R) of constant average optical density, and, as a

source of light in the middle of it, an incandescent lump provided with a big globe

of milky glass. As there is no radial density-gradient, a critical sphere in the

sense of Sch[MDt's theory could not appear in that medium. Let llie liquid be a

mixture of a solution of common salt and a solution of glycerine in water, both

solutions having the same specific weight but difïerent refracting power (cf. Physik.

Zeilschr. 11, 59, 1910). If we now suppose that only in the outer spherical shell

(radii R and -^^ R) the solutions are completely mixed, whereas in the inner

shell, surrounding the luminous globe, ths liquids are only stirred, but still

honeycombed with irregular gradients of optical density — the average optical

density of the shells being the same — then the inner shell will seem to be a

self-luminous body. Tb.e origin of its boundary is comparable with that of the

solar limb according to our theory.

The above interpretation of the photosphere evidently involves an explanation

of the reversing layer and the chromosphere as soon as we take account of

anomalous dispersion. On this subject, however, we shall not expatiate in the

present paper.

2) Cf. these Proceedings IX, p. 352, 1907.
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of that order of ina-uitihlc. In a layer, for instance, where (lie

average density dees not exceed (he density of our own atmosphere
at sea-levei, a leniperature gradient of J°.4 C. per kilometer is all

that would be required.

§ 3. The above dioptrical conception of the photosphere implies
the following explanation of the variation of brightness across the disk.

This problem, indeed, may also bo ex])ressed as follows: what is

the cause of the fact, that the irradiation surface of a point 1/, lying
somewhere in or near the "photospheric level", has that particular
shape (difFerent according to the selected wave-length), which direct
observation assigns to it?

Let PP' (Fig. 3) represent a part of the photospheric level, CO

r.

M M

of another level lying so much deeper, that there the solar matter
is dense enough to emit light giving a continuous spectrum.

Although the medium surrounding M be a mixture of selectively

absorbing gases, transparent to the greater part of the spectrum,

that transparency is not absolute, ^foli'cular scaiteriw/ (Rayleigh) ')

Aveakens a direct beam according to the \a\\'

P.-' Ill winch .';

32-1 ='(//— 1)-

but if the source of light be an incandescent surface CC' , radialiny-

the energy /.. per square unit, and if the dilfused light itself be

taken into consideration, the energy emerging per square unit fiom
PP' will (as found by Schüstkr) ') be expressed thus:

2/= /.

') Rayleigh, Phil. Mag. [5] 47, 37ö, (1899).

'^) Schuster, Aslcopli. Jouin. 21. 1, (190;j).

Abbot, in his valuable book "The .^un", HOll), also introduces molecular scat-

tering as a principal agent in producing the appearance of the pliotosplierc.
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We are aware that this formuLa does not hold exactl}'' for iion-

homogeiieous media, nor for oblique directions when simply replacing

c by z sec 6 ; but as a first approximation we shall put

9

2 -\- sz sec 6

where J and ,/„ now bear on units of surface located in the layers

PP' and CC' respectively, and taken perpendicular to the direction

considered. Supposing ./„ to be independent of direction, we find

that ./ decreases as 6 increases, in agreement with the characteristic

of the iri'adiation surface ^).

One of the causes whj- the latter equation cannot be expected

to represent the conditions completely is, that it does not allow for

possible incurvation of the direct beams passing tlirough the medium.

If S appi'oaches the value 90°, our formula makes .7 tend toward

zero, whereas in reality the brightness at the limb only falls to values

between 0,13 Jo= o and 0,30 ./(/ = o with ditferent colours.

Now, it is evident that refraction by the irregular density gradients

at once accounts for the discrepancy ; indeed, a beam reaching M
along NM [6 nearly = 90°) might have been turned into that

direction out of another direction F'W for which 6 has a smaller

value, so that ./ will have a greater value than the one corresponding

to the formula. It is exactly this process on which our explanation

of the sun's edge was based.

If, therefore, Ave consider both scattering and irregular refraction

effects, the conclusion!-; to which the Iheoi-y leads are compatible

\\'\\\\ the observed shape of the irradiation surface, or with the law

according to which the average intensity of a given kind of light

decreases from the centre toward the limb of the solar disk.

The agreement also prevails wheii kinds of light of different,

wave-lengths are considei'ed. Let us distinguish between, e.g., red

and violet, by introducing the subscripts r and v.

') A full comparison of tlie llieorelicnl wilii Ihc ol)servalioni»l Jnadialion sur-

faces for different wave lengths will be piil)lislie(l at a later dale. If 2 cos © may

be neglected as compared willi «2, the expression Ijccomes

2
J—J^^cosS

,

BZ

the equation of a sphere, tangent to the photoplieric level in Ji. The irridiation-

surface, as constructed with the values for violet light taken from H. G. Vogel's

well-known table (Ber. der Berl. Akad. 1877, p. 104), is in its main part strikingly

similar to such a sphere.
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At the center of the disk (<9 =r 0) we liave between the intensities

of red and violet light the [)ropoi'tion

Jr Jo,r ^ + S^,Z

Po '1' ~r • 9 '

in which, according to Rayleigh's formula, s„ ]> .sv (if cases of ano-

malous dispersion be excluded, so that the disparity between n,. and

iir may be neglected).

At a point, corresponding to the angle 6, we have

Jo,r 2 4- Si,z sec 6

Jo^y 2i -{- s,-z sec 6

The second factor of p^ is greater than unity, and
pf^ is greater

than Po- This means, that the longer waves preponderate as we move
from the center of the disk tOAvard the limb. With increasing values

of sec 0, pg approaches the limit

*^o,r Sy '^ o,r ^r

this proportion, however, will be more or less modified by irre-

gular refraction.

§ 4. Taking all in all, the above theory of the photosphere thus

appears to account for the sun's edge, and for the principal features

of the results of Vogkl's well-known spectrophotometric measurements.

It implies at the same time an interpretation of the granular

structure of the solar disk as an effect of refraction. If Anderson ^)

and other astrophysicists were right in assuming the irradiation

surface of a point M near the photospheric level to be a hemisphere

sps^ (Fig. J p. 266), irregular gradients of optical density could not

produce any sensible disturbance in the uniform brightness of the

disk, except in special cases. But their assumption certainly is

erroneous ; the average intensity of the light passing through M varies

considerably with the value of the angle 6
; so the irregular refraction

of the light must necessarily result in variegation of luminosity.

Waves that undergo anomalous refraction will of course be deviated

to a higher degree in the same gradients. Following out this line

of thought, we arrive at explanations of spectroheliograph results ^),

on which we shall not now insist.

A few remarks may be added in connection with the sun-spot

1) Astroph. Journal 31, 166 (1910).

2) Gf. Astroph. Journal, 21, 278, 1905; 28, 360, 1908; 31, 419, 1910.

18
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hypothesis suggested in 1909 ^). A spot was supposed to be a region

where, from a central minimum outward, the optical density

increases with a gradually decreasing gradient. If sun-spots are solar

vortices, such conditions are very lilicly to obtain. It was then argued

that, when a similar structure is traversed by the light from an

extensive source radiating, as the photosphere does, with intensities

decreasing from the center toward the limb, refraction must exactly

produce the characteristic optical features observed in a spot: an

umbra surrounded by a penumbra. Taking anomalous dispersion

effects into consideration, one is led by the same argument to an

explanation of the principal properties of the spot-spectrum. Lately

we succeeded in realizing, in the laboratory, the formation of a

typical "sun-spot" by refraction of light in a whirling mass of gas,

and could witness several phenomena, rather closely resembling the

appearances produced by the real solar objects. A description of

those experiments, together with a discussion of their possible bearing

on several spot-problems (e.g. on the apparent effect of the earth

on the formation and growth of sun-spots) must be deferred to a

separate paper.

We now only wish to emphasize the fact that the above con-

ception of sun-spots naturally fits in with our dioptrical explanation

of the photosphere. The levels where vortex-motion should occur so

as to produce the appearance of a spot, will be found somewhere

between spheres corresponding to PF and QQ of our Fig. 2. The

conditions in a spot need not differ very much from those obtaining

in the surrounding regions. Their chief characteristics are: 1. the

rotary motion, which determines a magnetic field and a systematic

arrangement of density gradients (which need not be steeper than the

average irregular gradients otherwise present in the same levels),

and 2. the differences of temperature and of composition connected

witli the special form of circulation.

Suminary.

Various views concerning the nature of the photosphere are

criticized, and a new dioptrical interpretation of several photospheric

phenomena is proposed.

1) Proc. Roy. Acad. Anist. 12, 273, 1909; Physik. Zeitschr. 11, 62, 1910.
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Geology. — "O/l zonal amphiholes, in which the plane of optic

a.ves of the margin is normal to that of the central part" . By

H. A Brouwer. (Communicated by Prof. G. A. F. Molengraaff).

(Communicated in the meeting of February 22, 1913).

Especially in rocks, which are rich in alcalies various rare

amphiboles with peculiar optical properties have been described from

different localities. Their chemical and 0{)tical properties have not

yet been sufficiently determined for their classification.

In dynamoraetamorphic basic eruptive rocks from the island of Leti,

wdiich have been collected during Prof. Dr. G. A. F. Molengraaff's

Timor-Expedition, intergrowths of different amphiboles occur; of

these intergrowths zonal crystals, which partly consist of actinolite

Or common hornblende and partly of crossitic amphiboles ^), in which

the plane of optic axes is normal to the plane of symmetry, are

especially interesting. In connection with these intergrowths of amphibo-

les, which are chiefly formed in metamorphic rocks, other zonal crystals

of pyrogenetic amphiboles, which occur in aegirineamphibolefoyaites

from Zandrivierspoort (332), in the southwestern part of the Pilands-

berg-complex (Transvaal), will be mentioned. In the central part

of the latter amphiboles, the plane of the optic axes lies in the

plane of symmetry, in the marginal part it is normal to the plane

of symmetry. Where amphiboles with the plane of optic axes

perpendicular to the plane of symmetry have been mentioned from

other localities, their intergrowth with the normal amphiboles is

also a common phenomenon.

1. Zonal amphiboles from the island of Leti.

In a diabasic rock from a conglomerate near the well Prigi Tiga,

in which the augite has been partly converted into amphiboles, the

crossito occurs in numerous crystals, which often show^ a zonal

structure with different extinclion angles for the central and marginal

parts. Many crystals of crossite are surrounded by a narrow marginal

zone of actinolite and zonal amphiboles with a central part of common

1) Crossite, according to Rosenbusgh (Mikrosk. Physiograpliie, I. 2, p. 246),

and not the amphibole with the plane of optical axes in the plane of symmetry

which originally has been described by Palache (comp. Univ. of Gahfornia, Bull.

Dep. of Geology 1894, p. 181).

The crossite in rocks from the island of Leti has already been mentioned by

Verbeek (comp. Molukken Verslag, Jaarb. v. h. Mijnwezen, Wetensch. Ged. p. 591)

according to the determination of Grutterink.

18*
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hornblende and a margin of a crossitic amphibole, are found in

small qnantities in tlie rock.

IntergTOwths of crossite and actinolite have been described from

other localities, those of crossite and common hornblende will be

described more in detail.

In a section, the crossitic amphibole of which showed a strong

pleochroisffi from blue to nearly colourless, the central part was

pleochroic from light brownish yellow to darker brownish yellow
;

in the marginal zone the crossite showed an extinction angle of

14'', which towards the centre gi-adually decreased to 9"^, whilst

in the common hornblende this angle gradually increased to 17°. In

both amphiboles the prism axis is parallel to the slow ray.

In a section, the crossitic amphibole of which was pleochroic

from slightly bluish violet to blue, the central part showed the

darker brownish yellow^ colour and was only \'ery little pleochroic.

Fig. 1.

lutergi owth of cros-

sitic and brownish

yellow amphibole.

Section + parallel

to (010); X200.

Fig. 2.

Id. Section ± parallel to (100);

X200.

In this section the prism axis of the mai'ginal zone was parallel to

the fast ray, whilst that of the central zone was parallel to the slow

ray. In the section small oblique extinctions were seen, so that it

was not exactly perpendicular to the plane of symmetry.
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The pleodiroism for the central and marginal aniphiboles is as

follows:

Centre. Margin.

c brownish yellow c slightly bluish violet

b brownish yellow b bine

a light yellow a nearly colourless.

It is evident that the crystallographic axes of both am|)hiboles

coincide, whilst the plane of optic axes of the central amphibole

lies in the plane of symmetry and that of the marginal one is

perpendicular to the plane of symmetry. The angle b : c is smaller

than that of the typical crossites, whilst only in some of the zonal

crystals of crossite, this angle increases to 30°.

The limit between the different amphiboles in the zonal crystals

is rather irregular and there is only a narrow zone of transition

between them.

2. Zonal amphiboles from the Pilandsbergen.

In aegirineampliibolefoyaites, which have been collected on Zand-

rivierspoort (332) to the South-West of the Pilandsberg complex,

crystals of zonal am[<hiboles which

are tabular on the clinopinacoid,

occur. In a section, which was

nearly parallel to (010) the central

part had a brownish colour, whilst

in the marginal zone the colour

was more greenish and darker,

to darkgreen. The angle between

the c-axis and the axis of smallest

absorption was 30° for the central

and 39° for the marginal zone

;

these angles and the colours of the

central and the marginal zone are

not the same in different,crystals,

but the brownish colours are al-

ways found in the central and

the greenish colours in the mar-

ginal zone.

Sections, in which both central

and mai'ginal part are nearly peri)endicnlar to the negative bisectrix

show that the angle of optic axes is small for the central part and

rather large for the marginal one. The plane of optic axes is perpen-

Fig 3. Amphibole of Zandrivierspoort

(332). Section ± parallel to (010).
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diciilar to the plane of symmetry in the marginal zone. These am-

phiboles resemble those in the shonkinite of the Katzenbuckel

(Odenwald) -).

The relation between these pecnliar amphiboles and the normal

types can be seen from the study of the zonal crystals in which these

peculiar amphiboles are found together with the normal types. With

regard to the common hornblendes, the basaltic ones are character-

ized by smaller extinctionangles and smaller angles of optic axes,

their alkali- and high ironcontent.

Similar differences seem to exist between the amphiboles in the

zonal crystals with crossite, in which the extinctionangles decrease

from 17° to 9° in the brown amphibole. After the turning of the

plane of optical axes the margin consists of a crossitic amphibole

which is rich in iron and alkalies. In the zonal crystals with crossite

and actinolite, the content of sesquioxydes and alkalies strongly

increases from the margin to the centre, the turning of the plane

of optic axes takes place in a zone of transitional chemical compo-

sition. Other amphiboles, which are connected by transitions with

the common hornblendes are especially found in igneous rocks rich

in alkalies, they are characterized by a larger angle c : c and a

smaller axial angle, and are chemically characterized by a high

content of iron and alkalies. However their optical and chemical

properties are not known in detail. From the description of the

zonal crystals of the Pilandsbergen and those of the Katzenbuckel,

it is evident, that the turning of the plane of optic axes can result

from a small change in the chemical composition of such amphiboles,

whilst in other cases (Katoforites) the plane of optic axes remains

in the plane of symmetry, whilst the angle c : c can increase from

30° to 60° and so passes into that of the arfvedsonites.

The anoforites from the Katzenbuckel in which the plane of the

optic axes is normal to the plane of symmetry (comp. Neues Jahr-

buch f. Min. 1910. 1. p. 34), and which in zonal crystals are con-

nected with katoforitic amphiboles, differ chemically from the Kato-

forites by a lower FeO- and a higher J\lg0 content. The extinction-

angles are 20— 27° in the acute angle d. There are amphiboles

without the large angle c : c, in which the turning of the plane of

the optic axes may be expected in zonal crystals. This is probable

for certain amphiboles from pegmatitic segregations in the aegirine-

amphibolefoyaites from Buffelspan (585). Their plane of the optic

axes was normal to the plane of symmetry, the angle b : c = 14°

1) W. Freudenberg. Geologie und Petrograpliie des Katzenbuckels im Odenwald.

Mitt, der Groszh. Badischen Geol. Landesanstalt. Band V. 1906.
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and c =: b. Their angle 2 F is 'snuxll or very small, soinetinies these

ainphiboles are nearly uniaxial and are connected with the distinctly

biaxial ones in zonal crystals.

These aniphiboles sometimes are intergrown with biotite or aegi-

rine and also with a bluish green amphibole, in which the plane of

optic axes is also normal to the plane of symmetry, if they have

the same crystallographic orientation as the brownish green amphi-

boles. In sections parallel to (100) of the latter ones, the prism axis

is parallel to the fast ray in the bluish green amphiboles, whilst in

sections parallel to (010) it is nearly parallel to the slow ray.

From the facts, which ha\e been mentioned above, it is evident,

that amphiboles, in which the plane of optic axes lies in the plane

of symmetry, very probably occur at the same locality.

Astronomy. — "On canonical elements." By Prof. W. ue Sitter.

In the developments of the planetary theory each of the three

anomalies has been used as independent variable : the mean anomaly

by Lagrange, the excentric anomaly by Hansen and the true anomaly

by Gylden. All systems of canonical elements, however, which have

been in use up to the presejit time, are only modifications of the

system of Delaunay, which is based on the use of the ??iea?i anomaly.

Recently ^) Levi-Civita has proposed a new system of elements, in

which the excentric anomaly appears instead of the mean anomaly.

Almost simultaneously '*) Hill has called attention to another system

in which the true anomaly appears as one of the variables. The

method by which Hill arrived at his system is, however, very

different from that by which the systems of Delaunay and Levi-Civita

are developed. The object of the present paper is to show how these

three systems, as well as others, can be derived from the same

fundamental principle.

Let ci'i be the co-ordinates of a body i\ and yi=: m— the com-
dt

ponents of its momentum (i = l, 2, 3). The equations of motion

are then

dsBi dH dyi dH
dt dyi dt dxi

1) T. Levi-Civita. Nuovo sistema canonico di elemenli ellittici. Annali di Mate-

matica, Ser. Ill, Tom. XX, p. 153 (Aprile 1913).

~\ G. W. Hill. Motion of a system of malerial points under the action of

gravitation. Astronomical Journal, Vol. XXVIl, Nr. 646-647, p. 171 (1918 April 28).
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where
H= T -~ K,

T representing llje kinetic energy and K tlie force-fnnction. In the

problem of planetary motion we have

kK= - +5,
r

where S is the perturbative function. According to a theorem dis-

covered by Jacobi, any new system of canonical variables pi , qi can

be derived from an arbitrary function ^P {-Vi , qi) of .r, and q;, by

putting

^— = 3// ' ^— = P/ (2)

If then, by means of (2), we replace av and /// in H by pi andqi,

the equations for the new variables are

dt dqi dt dpi

Jacobi's method of integration, which has led to the system of

canonical elements introduced into asti'onomical practice by Delaunay,

consists in so choosing <2» that the equations (3) are of a much simpler

form than (I). For this purpose Jacobi chooses for 'I* an integral

of the partial differential equation, which bears his name, and

wdiich is constructed as follows. In the function H{.Vi,y:) replace

d<P
Vi bv ^;— , then Jacobi's equation is

O.Vi

;'"
d.vi

The constant h is the energy of the motion.

Tf we take /S=0, and, instead of x;
, y; introduce polar coordinates

di' ds
r, s, IÜ, and the corresponding momenta r' = m — , s'=i mf^ —

,

dt dt

dw
lo' =1 mr^ cos" s — , the energy function becomes

dt

1 / s'^ iv" \ k
B, = --(r-i-- + -^-^] = h .... (4)

2i7n \ r r cos' sj r

Then Jacobi's equation admits the integral

H{ xi,^\ = h.

Ci / 0' Ci / '^^^ G^
*" = 0«- +J l/e- " ^, * +J [X-'"" +~ - 7^

*•

where Q and G are constants of integration. Jacobi now takes
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fp r= tl\ and tbr the variables (j; he talies O, G and h. In order

to get a more general point of departure I take for the function

<l> which serves to define the new variables

s r

^=0x0^ \ Qds + I Rdr, (5)

where

Q' = G'
O'

cos' *•

2/^- y-
R'' = m{ — a' ~^~ ~

r r'

(6)

We have thus

d<D
,

d<P d<I*

Or OS Ow

a' ^'~k /G' \ 1

and therefore

^=-y + '—^-h(--yM^-« • • . . .(7)
Ó r \m J 2 r'

I will now for two of the variables qi take O and G, for the

third I take either «, [^ or y, or a function of one of these parameters.

We have thus in all cases

d0
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rQ
find from simple geometrical considerations ^' cos ^+17, <^^^' = ^.

and consecjuentlj

<P=zOïy -\- G; 4- fh'dr. ..".... (9)

'0

Next calling the values of r for which R vanishes a {1 — e) and

a (1 -j- e) respectively, we iind

(10)

R^ z=z ct^m — 1 4-
2a u-{l—e'y

I now introduce a new parameter d by

G
7 =

l/m

We have then

d0 1 röi?

•^ dG ^ [/mj dy

(H)

(12)

Putting now

/=^- /;
= dR

we find from (12) and (10)

dr _ r'R

df y [/7)i

4- (13)
a-[l— e') a(l— e^)

This is the differential equation of an ellipse of which a is the

semi major axis and e the excentricity. If the constant of integration

is so chosen that r^ := a (1 — e), then ƒ is the true anomaly. We
have then

a {l—e')
R z= a \/m

e sin f
• (14)

\-\-e cos f

We can now in this ellipse introduce by definition tlie excentric

anomaly e and the mean anomaly m. We find

r = a [l— e cos e) R z=i u |/?/i

ae sin e



288

a dR
,/,,;
— — dr; (15)

a' dR
M = E — e süi E

,
du --= — d7' . . . (16)

^' [/m da ^ '

In all these tbrmulcis a and d are written as abbreviations for

certain fnnctions of a, /?, y defined by (10).

All this is independent of the choice of the third pair of canonical

elements. We must now specialize the values of the parameters

ct, /?, ff, which were so far left entirely indeterminate. Now we can

distinguish three cases. In each case two of these parameters are

constant, while the third is variable, and a function of it is taken

as the element q^.

Case I. ^ -=/?„ = const.
, (f=:dg = const.

The third linear element is a function of a and will be called L.

Therefore the conjugated variable / is given by

_d<P d(P da __ da rdR _ ,'?„' [/m da r

dL da dL dL J da a^ dL J
Thus, if we wish to get

/ ^ M := mean anomaly,

we must take

dL ^^'^ \/m

da a''

from which

Z/— =/J„|/m. \/a ...... (17)

Since /i^ and m are constants, the semi major axis « is variable.

We find at (jnce from (10)

du.

L[^l-e' = G + (fym (18)

Case IT. a = a^ = const., d" ^ d^ =; const.

The third linear variable U is a function of /i. Therefore the con-

jugated variable is

d0 d^ rdR 2^[/m d^ r
u ^= —— =— I -— dr ^z

I dE.dU dUJ d/i «„ dUJ
Thus in order to get

u = V. = e.vcentric anomaly,

we must take

dU _2^\/in

d^i «0
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and consequently

U=z—-— = «„l/m.a (19)
«0

Here again «^ and m being constant, a is variable. We find further

U \/\—e' = G -V ^y^ (20)

Case 111. II = «0 const., ii= /?„ cotist.

The third linear element V is now a function of ö. Therefore

Ö0 d(f Ö0 d(f rdR ihf r

Consequently, if we wish to have

V zz=f= true anomaly

we must take

dV
do

^

and therefore

Vz= V^- Ö \/m.

Now we can introduce a new variable v by

ö\/m z= -^ i\/m— v).

Putting then

V, = -^ = ^,]/m.\/a = aym.a, .... (21)

we find

V='^^- = ^^v)/a = a,va (22)

In this case, «„ and /?„ being constant a is also constant, by (10),

and V is variable. We have now

vyY^' = G + é[/7n=G -^ V^— V. . . . (23)

The energy H is in the three cases

:

a'/^a, \l /2G \ 1 f

2 y 1/771 y r Vk ^ / 2^ I

///. //=_< + i^o^-^- _..
(^- F„)(2^,^+r- F)

J^ _ ^
2 r w '

2r''

Here r must be understood to be written for- brevity's sake instead

of its expression in function of the elements.



285

In the cases I and TI il is advantageous to take (f„z=zO.

In the cases II and III the value of ((„ is of course immaterial,

tlie first term of H may as well be omilted. As to the value of (?o

in the cases I and III, it is customary in classical celestial mechanics

(case I) to take ^gZ=]/k. This however is not at all necessary, and

the term can be taken advantage of by an appropriate choice

of i^o ^0 cancel a term in *S'. This is also advocated by Hilt, in the

paper already quoted. Though Hill does not say so (and doubtlessly

does not intend to say), a casual reader may easily be led to assume

that the possibility of this device is one of the advantages of the

system of elements of case III. It is therefore well to point out that

it does not depend on the choice of elements, and can as well be

applied in case 1.

By each of the three sets of elements

L,
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common point being different from the tangent of the orbit. ^) If a

name analogous to those coined by Levi-Civita for the other two

systems were required, we might call tiiese elements isoprotometrlc

elements, since the quantity a, which here remains constant, is called

the protometer by Gylden, who was the first to use a system of

elements belonging to this class.

If at a given point of the true orbit, i.e. for given values of

dr (h dio
, ,

1 •

r, s, ID, — ,
—

, — , Ave wish to determine the instantaneous elements
dt dt dt

in the three cases, the method of procedure is as follows. First we

determine geometrically the inclination i, and node '"^ of the plane

containing the origin of coordinates and the velocity of the body P.

dC
With the aid of these we find ?^ and —

. Then
dt

G = mr^ — O ^= G cos I.

dt

For the determination of the third linear element we require the

living force, or kinetic energy:

,
dr

,

\dtj

We have then in the three cases (taking ff^ =^ ^ ^oi' ^'^^ cases

I and II):

/. 2T —
r . U

II. 27' ^'^^-V ) . (25)

'2 n
,

(F-F„)(2(?+r„-F)
III. 2T = i?;

' r a J mr'

From these formulas we find L,U,V. Next a and ö are determined

by (17), (18), (19), (20), (21), (23) and then the ordinary elliptic

formulae give /• and the true, excentric or mean anomaly. Finally

we have

.'/ = ? — V-

The differential equations for the elements are given below for

G
the three cases. In the cases I and II 1 take ö^=zO, or y =r -—-

ym
and in the cases I and III I put

1) Hill i.e. p. 176, slates that tlie ellipse has a point of contact with tlie orbit.

This, however, is an oversight.
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r

(20)

I. dl_i3,'m dS' dL _dS'

dt
~~ ~iy ~ dL 'dt~'W

dg _ dS' dG _ dS'

dt
~ dG dt

~
d;f

dd^_ dS' d0_dS'
dt ~~~J& ~dt~dd^

II. Pul U =z~^ + AU
«o

U ,/ ^ G
r = (1 — e cos n) VI — e" = —

ayw ^ ' u
da k AU{l-e') dS dU AU dS \-— = -— H cos n — ^—r — = e U sin u + -^--

\

dt Ur mr^ e dU dt mr' ' du j

(27)
dg LU\/{—e^ ds dG dS

cos n —
dt mr' e dG dt dg

d{h_ dS dO _dS
dt
~ öö . dt

~~
dlh

If at t — O we start with A ^ = O, and if S = 0, then the

motion is Kepleiian : U, G, 0,<j, ^ are constants. In the general case,

when S differs from zero, AU is of the order of S, i. e. of the

order of the perturbing masses.

III. Put F= V.-i-AV
a{l-e') ,. G-AV
\-\-e cos V
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entirely free. It only affects the form of the perturbative function

S, whici) plays no part in (he definition of the elements. We can

eltlier nse ordinary relative co-ordinates (/S being in tiiat case different

for each planet), or we can introduce canonical relative co-ordinates,

either by the method of Jacobi-Radau ("elimination des noeuds") or

by PoiNCüRÉ's "transformation «" (Acta Mathematica, Vol. XXI,

page 86). [In these last two cases the body P of course is not the

true planet, but a fictitious planet, different according to the choice

of co-ordinatesj. Levi-Civita uses Poincake's co-ordinates, but this is

not material : the isoenergetic elements may as well be used with

any other system of relative co-ordinates.

Also it is hardly necessary to point out that in all three cases we
can introduce new elements by canonical transformations and thus

derive from the isoenergetic or the isoprotometric elements the same

modifications which have been derived from Delaunay's elements.

Thus e.g. we have the three corresponding transformations

:

yi=zL n=L—G W=G —
I.

A = Z + f/-fi^ :irz= — g — d- W=z — ^

(where we have n = L(l~ \/I^^) , W=2G si?i' ^ i)

H=U n—U—G W—G-Q
II

1] =: u -[-
(J

-\ d- Jt =z — g — ^ \p =z — {>•

( 77= r (1— \/l~e') , W=2G sin- ^ i)

W = V n—V - G W= G —
III.

(77= F„(l — k^l-e-^)
, W—2Gsln'^i),

from which again we can deri\'e the elements of Poincare-Harzek

h = \/2n COS Jt p = \/2W cos \p

k = V^risiH jr q— \/2Wsin tp.

If in case III we make the transformation

F= V — G Z = G

we find the elements used by Hill. We have indeed F= m .
^i,

Z=m.v, ^ z=^ u (where ?j, u and u are the symbols used by

Hill), and the letter / is used by Hili, with the same meaning as

in the present paper.

These elements can also be derived directly from the function 0.

The condition (11) must then be omitted : R must be assumed not

to contain G.
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If (hen we write Z for G, we find ju once

The element F now is a function of y, and consequently

Ö0 f/y /'oil' ^f^yc)0 dy rdli -dy r

Therefore

from which

dF
-— =: - ]/m,
dy

F z= const. — yVm =^ V^— y \/ni.

1*0

Now, bj (10) we have y = ^^ l/l— «% therefore, with the value
Of.

(21) of F„, we find

1%'^'^

To the elements I corresponds the classical development of the

perturbative function according to the sines and cosines of multiples

of the mean anomalies. The development of 6\according to excentric

-

anomalies, which is required for the elements II, has been given

by Nkwcomb in Vol III of the Astron. Papers of the Am. Eph. For

the development in function of true anomalies, which is needed

when using the elements III, the foundations have been laid down
by Hill in the paper already quoted.

Ca.^e IV. a =
«J,
= const., ]3= /?„ =: const., ff= ö^ = Q.

The third linear element is a function of x. It will be called M.
"We have

Ö0 d-a\ rdR /?/ dx r
-

I ^^— dr = I du.
tj dK «„ dMj ^

Consequently we must take

^ dM dM.

dM_ /?/

dx «„

from which

3 *•>€

M= ^-^— = /?„« l/a =: a,xa (32)
«n

The semi major axis a is constant, as it was in case III, and a

is variable. The meaning of x is however different from that of v

in formula (22\ From (10) we find

M \/' r-"7 —G (33)

19

Proceedings Royal Acad. Amsterdam. Vol. XVI.



Here again the motion is described as a Keplerian motion in an

ellipse with varying elements. The ellipse has a point of contact with

the true orbit, and therefore belongs to the family of ellipses mentioned

above. The body P in its orbit, and the tictitious planet in its ellipse,

however, have not the same velocity, bnt the same momentum. Since

they have different masses, they ha\'e also different velocities, agreeing

only in direction.

The energy is now

IV. /ƒ=- + k]--S. . . . (34)

and the living force

2mT ^— (---l (35)
a

If we put M = ]\[, + Ai¥,

«0

then the differential equations become

dii M f2 \\ /\M{2M^-\-LM) 6r bS

dt am \r a J amr^ dM dM

dM_AM{2M,+ AM)dr dS

dt amr^ of* d(i

dg
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r = ^ + cf. .... ... (29)

We have now, remembering that linally we will put 6=:0.

By the aid of (10) and (14) to (16) we find easily

^-^dr=?^{2dB-du) = ?^dii (30)

Here an angle (x has been introduced, of which the geometrical

meaning is easily seen. If we take polar co-ordinates tj and (/ with

the second (empty) focus as origin, then ii bears the same relation

to rp as the mean bears to the true anomaly. Therefore, since

r' df=: a' \^l—e'dM,

the equation connecting (f and (.i is similarly

q' dff =: a' \/\— e^din.

We have the formulas

fi
—= E -j- e 8171 1)

Q COS (f
= a {cos E 4- g) ^ = rt (1 + g COS e) . (31)

/ .
ail-e-")

Q sin f£=:a V\ — e^ sin e o z= .

^ ^ 1

—

e cos (p

The angle n is easily seen to be proportional to the "action", if

for the mass we take x'. In that case the components of the momen-

dxi
turn become vi= ^"^ —-, and

dt

j'2Tdu = crn

I now take the fourth parameter :; as variable. We then have

Here r = 2a — q must be expressed as a function of the elements

by (31).

AM is of the order of the perturbing masses. If aS=0 the motion

is Keplerian : M, G, fJ, g, 0^ are constants.

For use with the elements IV, for which I will not try to coin

a name, a development of the pei-turbative function S according to

the trigonometric functions of multiples of (i would be required.

This can be derived from the well known development in function

of the mean anomaly by substituting q for r, (p for v, — e for e

and fi for /.

19*
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Mineralogy. — ^^On Lite pseuclometeorite of L/ast in Livonia".

By Prof. Dr. A. WlCHMA^N.

In the afternoon of the 17^'' of May 1855 at abont 6 o'clock a

lady, Miss Beckmanx, standing on the stairs outside a country-seat

2 miles N.E. from Walk in Livonia, suddenly saw between the

lime-trees on that spot a dazzling luminiferous phenomenon, at about

6 or y feet above the ground, whilst she heard at the same time a

tremendous clap.

At about the same time the proprietor, Mr. Fr. Schultz, found

himself in a rather high field situated at a distance of 1 w^erst

(1.067 km.) from the country-seat. He, likewise, heard in an entirely

cloudless sky a violent detonation, so strong that his saddle-horse

and another horse, drawing a harrow, were frightened and threatened

to bolt.

Assuming, on correct grounds, that a falling meteorite had exploded,

the chemist L. Bornwasskr immediately" made an investigation on

the ground in the neighbourhood of the above-mentioned lime-trees,

and collected two handfuls of peculiar mineral fragments which he

supposed to proceed from that meteorite.

C. Grewingk, to whom we are indebted for the report concerning

this event, described those pieces as cellular melted masses of a

slaggy nature, looking much like pumiceous lava. On some fragments

he found moreover numerous [)articles of quartz and feldspar as

it were fused together with them. From the analysis made by

C. Schmidt appeared the enormously high percentage of 80,874 SiO*

of that so-called meteorite ^). He could not identify the mass with

any other earthly rock, and — on good grounds — rejects the

possibility of a formation by lightning (fulgurites).

In 1881 F. J. WiiK made a microscopic examination of the

"meteorite" of Igast. He found larger individuals of quartz, orthoclase ^)

and plagioclase, a fine-grained groundmass, and moreover little

colourless, allongated crystals with globulites which he regarded as

ammonium chloride^). At last he pointed out that, for a meteorite,

the mineralogical composition was quite peculiar *).

1) G. Grewingk und G. Schmidt, Ueber die Meteoritenfalle von Pillistfer,

Buschhof und Igast in Liv- und Kurland. Archiv fur dia Naturkunde Livlands,

Ehstlands und Kurlands, III. Dorpat 1S64, p.p. 457—461, 482—483.

-) Read mikrokline.

^) Hereby were meant the plagioelase-lathes. Aminoniumchloride is not exiant

at all

^) Mineialogiska mcddelanden Vll. Ofversigt af Finska Vetensk. Ac. Füili 21,

18S1-82. Helingfors 1882, p. G3.
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A short time after A. von Lasaulx published the results of his

microscopic examination. Though at first sight the rock showed great

similarity with a basalt rich in glass-basis in which numerous grains

of quartz, microcline, and plagioclase were shut up in a groundmass,

consisting of brown glass, numerous grains of magnetite, little Intli-

shaped crystals of plagioclase, besides yellowish green gi-ains of

augite, he regarded it as an artificial product that was accidentally

found at the very place where the fire-ball had been seen. He did

not exclude however the possibility that it was a melting-product

brought about by a flash of lightning, but he denied the possibility

that it was a meteorite^). In a report about van Wiik's treatise

Emil Cohen likcAvise deemed the meteoric nature exceedingly doubt-

ful'). Afterwards he asserted even that the stone of Igast was
doubtless a pseudo-meteorite^).

In J884 the rock was again desci'ibed by Stanislas Meuniek. He
acknowledged (hat it was quite different from all known meteorites,

and pointed out its resemblance with volcanic rocks, viz. the "ponces

quartzifères". Consequently the rock was classed with the "méiéorites

volcaniques" by the name of 'igastite" '').

H. Michel treated this subject most elaborately, he published a

short time ago a description in which he entered into all details,

he overlooked however the microscopic investigations of all his

predecessors*). The optical character of all the constituents of the

rock were defined more exactly, but for the rest the results of his

examination agree with those of the former investigators. At last

he says

:

"Wenn man welter die ganzlich unmeteorischeOberflache desStückes,

"seine scldackige Beschaffenheit, das Fehlen der fur alle Meteoriten

"so bezeichnenden thermomorphen Erscheinungen, das Vorkommen
"von groben (^uarzkörneraggregaten nebeii Bestandteilen, die sonst

"basisclien Gesteinstypen anzugehören pflegen, in Betracht zieht, koramt

"man wohl zu der Uberzeugung, dass es sicli wahrscheinlich um
"eine bei irgendeinem Glashütten- oder Ziegelbrennerprozess zufiillig

"entstandene Schlacke handelt."

After what has been said before, we may no longer doubt, that

Ï) Ueber die Vermehrung dei' MetGoritcnsanimlung ties mincralogischen Mtiseums.

Sitzungsber. Niederrhein. Ges. f Natur- und Heilkunde. Bonn 1882, p.p. 108— 110.

~') Neues Jahrb. f Min. 1883, I, p. 384.

3) Meteoritenkunde 1. Stuttgart 1894, p 215.

•*) Meteorites. Paris 1884, p.p. 298—294, 352 (Edm. Frémv, Encyclopédie chi-

mique II. 2).

5) Zur Tektitfrage. Ann. k.k. Naturhist. Hofmuseum. 27. Wieu 1913, p. 6 - 8.
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the stone of Igast is a slag of artificial formation, and consequently

the chemist Bornwasseh has missed the fragments of the real meorite.

H. Michel has however not solved the problem of the origin of

the slag. As far as I know, snch like slags do not occur in tile-

works, neither does the chemical composition agree with it. In glass-

works one will likewise look in vain for similar slags, quite apart

from the question, how such a by-product of industry can ever have

reached the isolated country-seat of Igast. Neither does the com-

parison with fulgurites, made by A. van Lasaulx, hold.

In my opinion a plausible explanation can be found if we regard

the discovered fragments as proceeding from a rye-slag. C. Gkewingk

described the product of combustion and melting 6f a rye-stack as

a grey partly graphitic mass, having the appearance of lava or slag

of the hardness GVs') and A. Lagohio') added to this, that according

to the microscopic examination augite, graphite and orthoclase were

secreted, and that the appearance reminded of certain glossy modi-

fications of volcanic rock and of melling-i)iodiicls obtained by F.

FouQUÉ and A. Michel-Lkvy by an arliti -ial process. '')

It is a striking fad, that II. Michkl likewise com})ares the micro-

scopic character of the stone of Igast with those products. The fact

that inclosures of quartz, microcline and j)lagioclase tliat do not

originally proceed from that slag, are found in the rock might be

thus explained, that the slag, when still in its li(piid state, has run

over sand so that the grains of quartz and microline were enclosed.

I must however acknowledge, tliat the grauiineous slags which I

had an opportunity of examining, did not show any resemblance

with the rock of Igast, neither did they show similarity with the

slag examined by A. Lagorio. The material proceeding from burnt

hay-stacks, served instead. As these stood on a clay-soil it can

easily be explained that the ijiclosed grains of sand were but i'ew

in number, but the secreted individuals of plagioclase, augite and

magnetite were neither met with. In the thin sections could be

discerned a light yellowish or greenish glass, in which locally

numerous microlites and sometimes tridymite-aggregates were secreted.

Of a similar nature was the slag formed by the combustion of

great masses of straw belonging to the straw-board-works "Union"

-) Petrificirte Roggenkörner. Sitzungsber. Naturf. Gesellsch. Dorpat. 5. 2. 1879.

Dorpat 1880, p. 220.

~) Zusammensetzung von Roggenschlacken. Ibid. p. 230.

^) Reproduction artificielle de feldspatlis ot d'une roche volcaniqiie complexe

(labradorile) pyroxénique, par voie de fosion ignée. Gompt. rend. Acad, des Sc. 87

Paris 1878, p. 781.
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at Oucle-Pekela (prov. of Groniiigon) on the 30^'' of July last. It

was like dark-green glass consolidated with white pumiceous particles.

The usually rather homogenous glass contained only comparatively

few colourless crystals.

All these slags correspond, with regard to their general character,

with similar products described hy Ch. Velain ^)

If we may now remind that the ashes of graminae do not con-

tain aluminium "), then it is clear, that in their slags we should

look in vain for feldspar, unless a compound of aluminium had,

during the melting-[)rocess, been resorbed from the soil, and secreted

at the refrigeration in the shape of feldspar.

At last in addition to the above we subjoin a description of a slag

owing its existence to a similar event as the one at Igast. On the

8^^ of June 1898 a pupil of the gymnasium of the Hague had seen

a meteorite in a glowing condition explode in a garden at Voorburg.

The fragments gathered by him, which 1 owed to the kind-

ness of Prof. J. F. VAN Bemmelen, now at Groningen, were

likewise nothing else than pieces originating from a swarthy slag.

1) Etude microscopique des vers resultants de la fusion des cendres de graminées.

Bull. Soc. Min. 1. Paris 1878, p. 113—124.

^) Alois von Hubert. Geschmolzene Heuschlacke. Berichte über die Mittheilungen

von Freunden der Naturw. 4. Wien 1848, p.p. 64—66,
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Thev were however mure com pact than those of Tgast, and inclosed

t^rains of sand conkl only be discovcretl at the outer side. In con-

sequence of this fact an enormous difference presents itself between

the microscopic character. As becomes immediately apparent from

the figure above the slag is characterized by an excellent ophitic

structnre. The secreting products consist chiefly of more or less

allongated phenocrysts of plagioclase varying in length between 0.05

and 0.6 mm. and in breadth between 0.01 and 0,04 mm. According

to the extinction-direction this plagioclase belongs to labradorite. The

intervening metastasis (in the figure black) consists of a globulitic

glass, in which are found numerous magnetite crystals surrountled

by a light halo. They are single octaeders of which the smaller

ones are sometimes arranged in lines. Locally there are in the base

still aygite individuals and very narrow plagioclase slags.

The origin of this slag could not be ascertained.

Anatomy. — ^'Contributions upon N'eurobiotaxis." {The arrangement

of the motor nuclei in Myxine glutinosa in Cryptobranchus

Necturus, Rana fusca and Bufo). (From the Anatomical Institute

in Berlin and the Institute for Brainresearch, Amsterdam)^).

By Dr. P. Röthig; Berlin. (Communicated by Prof. L. Bolk).

Myxine glutinosa ').

It is known (Anders Retzius, Johannes Muller, Gustaf Retzius,

L. Edinger et. al.) that the brain of Myxine glutinosa is very rudi-

mentary. Some parts of it are compressed in a fron to-caudal, others

in a caudo-frontal direction.

The study of complete frontal, horizontal and sagittal sectioJis

reveals — as far as the mixed and motor nerveroots are concerned —
the presence of the Trigeminus, Facialis and several (occipito-) spinal

nerves. On the contrary there is no Oculomotorius, no Trochlears, no

Abducens and no Glossopharyngeus. Also Gustaf Retzius') — in his

1) My sojourn in the Institute for Brainresearch in Amsterdam has been faci-

litated by a gift from the Preussische Akademie der Wissenschaften for which I

want to express my thanks.

~) The specimens of Myxine glutinosa used for this research have been collected

in Krislineberg in Sweden. They were fixed while still living and stained after

various methods, chiefly after Bielchowsky They will also be used for a monograph

which I intend to publish together with Dr Artrns Kappers (Amsterdam) on

the central nervous system of this animal.

^) Rktzius, Biologische Untersuchungen N. V. Bnd. V 1893, (Das Gehirn und

Auge von Myxine.)
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classic treatise on tliis aiiiinal — empliasizes tlie absence of these

nerves. Whether the vagusroot is present lias to be settled still by
further research-work, in which also the periferal nervous system

in considered.

Till now — only examining- the central nervous system and the

roots — it has been impossible to me to state the presence of this

root while Gustaf Retzius, thus confirming his father's opinion and

that of Johannes Muller, does accept a motor vagusroot, and — with

some reserve though — also a sensory root of the same.

Renewed researches have made it probable to me that the roots

which these authors consider as vagusroots have to be regarded as

motor and sensory (occipito-) spinal nerx'es.

This results from the fact that the cellular column from which

its rootfibres arise is the direct continuation of the column from

which the ventral roots of the spinal cord originate. Moreover the

more caudal spinal rootlets leave the cord in exactly the same

way as this so-called motor vagal root. ^)

The absence of the entire glossopharyngeiis and first vagus root

in mentioned also for Bdellostoma Dombeyi by J. B. Johnston").

In. fig. 2 1 give a graphic reconstruction of the motor roots and

nuclei of Myxine glutinosa, made after the method used by Kappers').

If we compare this with the sagittal reconstruction of Petromyzon

fluviatilis
")

(Fig. 1) we are struck by the peculiar character of

Myxine.

The distance bstween the hind border of the entrance of the motor

fifth's root and the front border of the VIP^'s entrance is smaller

in Myxine than in Petromyzon, which proves that these roots have

approached each other in Myxine. The VII root is found already a

few sections behind the V'''

.

The closest approach has, however, occurred between the

') That the dorsal root corresponding to this ventral root has to be regarded

as a vagus root is not very probable since it contains — as far as I can see —
only sensory fibres It is not a mixed root, as is always the case with the vagus.

For the same reason it is improbable tliat both the dorsal and the ventral root

should constitute together the vagus, on account of the fact that the vagus has

always a mixed character, its sensory and motor rootlets leaving the brain eitlier

together or on a very short distance, while tliese are opposed as real dorsal and

ventral roots.

-) J. B. Johnston, Note on the presence or absence of the Glossopharyngeus

Nerve in Myxinoids. Anat. Record, Vol. 11, r.)08.

') Kappers, Verhandelingen der Kon. Akad. v. Wetenschappen te Amsterdam

1910, Tweede Serie, Deel 16, N". 4.

^) From Kappers: Folia Neurobiologica Bnd. VI, Sommererganzungs Heft, 1912.
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(occipito-) spinal rootlets and the VII, which is easily explained by the

above mentioned absence' of the IX (and the greater part of tlie X ?)

and the caudo-frontal compression of the oblongata that results from

this.

If we compare in transverse sections the position of the V—VII

column in Peti'omyzon (fig. 3) and Myxine (fig. 4) we find that the

position of this nucleus in Myxine is a much • more ventral one.

N.L.A

N. VI 11

N. Vll m

N. Vll

nucl VII in.

Fis. 3. VII nuclei and root of Petromyzon.

^S ^ JU: SiCet^'y

In Myxine the fairly large cells of this column are located in the

most ventral part of the oblongata closely against the fibres of the

descending V'^^ . Similarly as in Petromyzon the V^'^ and VIP^' nucleus
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are practically continuous ^), and their fronto-caiidal extension is

about the same.

Some smaller cells continue the column in a backward direction equally as in

Petromyzon, they seem not to be connected with rootfibres though.

As in Petromyzon also in Myxine the caudal shifting of the facialis

nucleus to the level of the glossopharyngeus root — otherwise

present in all fishes — does not take place. This is not strange

though and can even be expected — since the caudal tastecentrum,

which causes the shifting in other animals is hardly or not developed

in this animal : The sensory IX^'' being absent while the sensory

VII''' is very small.

Moreover — most fibres of the sensory VII'*' in Myxine are no

taste-fdires, but general sensory fibres as can be deduced from the

fact that they join the descending V''' and consequently are —
according to our knowledge about other animals — of the same

character as these (compare for the different components of the

sensory VII''' in Cyclostomes the important contributions of Johnston :

Morphologisches Jahrbuch Bd. 34, 1905 and Anatom. Anzeiger Bnd.

37, 1910).

Just the fact that even the sensory VIP'' is chiefly of the same

character of the sensory V''' and unites with it explains why the

corresponding motor nuclei are attracted to the region of the descend-

ing V and VIF'' fibres, which constitute their chief, if not only

reflectory centre, their periferal endings forming the sensory invest-

ment of the muscular apparatus of the V and VII (the lips and the

so-called tongue or sucking ai^paratus). This determination of the V

and VII nuclei through reflectory or neurobiotactic influences is the

more striking, because the facial nucleus does not only lack the

caudal displacement, but even sliifts in frontal direction as appears

from the fact that its root-fibres show a frontal course in the medulla

(see fig. 2). The nucleus of the Vll thus approaches still more the

entrance of the sensorv V''' that dominates its functions.

1) Where tlie somewhat smaller cells of the Vlflh nucleus touch the Vth nucleus,

the column is less compact, has an indication of a gap. It is known that Tretjakoff

(Archiv. f. microskopische Anatomie Bnd 74, 1909, p. 713} supposes the VI

nucleus of Ammocoetes (the young Petromyzon) to lie at the end of the Vth cells

in the V—VIll column, because the root-fibres of the abducens. accompany the

Vth root to the oblongata and cannot be separated h-om them in the bulb. I do

not know whether this opinion is right, but I only want to call attention to the

fact that in Myxine, where certainly no VI nucleus is present, there is indeed a

sort of a gap at the place where Tretjakoff supposes the VI nucleus to be in

Ammocoetes.
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Amphibia.

Figures 6, 7, 9 and 10 demonstrate the topographic relations of
the motor nuclei and nerve roots as found in mj amphibian material.

They confirm the results obtained by Kappers ') in his urodele (Fig. 5)

and anure anijihibia (fig. 8) in so far as in both urodele amphibia

1) 1. c. p. 46.
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which I examined (Nectnrus and Cryptobranchus) just as in his

urodela (Siren and Molge) the facial nucleus lias shifted a good deal

caudad from its root entrance to the level of I he entrance of the

glossopharyngeus root, where it constitutes a unity with the motor
column of the glossopharyngeus and vagus, a condition which is

the motor (reflectory) expression of the union of the sensory nerve

roots of the VII and IX on the level of the IX^'' entrance.

On the contrary in my Rana and Bufo the nucleus facialis keeps its

3
CJO,
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<l
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place on or near the level of its root entrance as has also been

described by Kappers for his specimen of Rana. (fig. 8).

In connection herewith it Is interesting to notice that the sensory

VIl^'^ and conseqnently the candal mixed VII—IX sensory nncleus

is less developed in anura than in the arodela.

I further fonnd that the abdncens nnclens lies behind the rooten-

trance of the VIP'', in Necturus and Bnfo a little closer to the

VIP'' than in Cryptobranchns and Rana.

The position and extension of the V and III nucleus, the size

and arrangement of the III, IV, V, VI, VII, IX, K and XII roots,

as also the slight variations which these exhibit are clearly demon-

strated in the sagittal schemes.

My series of Necturus and Rana were not continued sufiiciently

backward to state the limit of the spino-occipital column and the

position of the spino-occipital roots.

The relation found in Bufo however shows a striking resemblance

to the condition represented in Kappers' Rana. In Cryptobranches

however this column does not extend as far frontally as in Molge.

The trochlear nucleus extends in my Rana and Bufo much more

in a caudal direction than in Kappers Rana.

This large backward extension of the IV nucleus induces me to

add the following remarks concerning the phylogenetic development

of this nucleus :

In Petromyzon this nucleus has a position dorsal to the ventricle

(Schilling^), Tretjakopf-), Huet'), Kappers^)) in the velum anticum

cerebelli frontally from but close to the level of the trigeminus

nucleus at a great distance behind the oculomotor nucleus (compare

fig. 1).

Contrary to this in most other mammals the nucleus has a

much more frontal position, directly behind the oculomotor nucleus

and ventrally from the ventricle.

The phenomena observed in the frontal shifting of another eye-

muscle nucleus, the VI nucleus (Kappers, I.e. p. 118) prove that the

first form in which this frontal shifting can take place consists in its

elongation in a frontal direction. So does the abducens nucleus of

Chelone and Alligator extend from the giossopharyngeus to the

facialis level (I.e. fig. 105].

In the higher Reptilia (Varanus and Lizard e. g.) also the rest of

1) Abhandl. der Senckenb. Naturf. Gesellsch. 1907, Vol. 30, p. 441.

2) 1. c. p. 713.

3) Proceedings of the Kon. Akad. v. Wetensch. Amsterdam, February 25, 1911.

*) 1. c. p. 9.
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the nncleiis lias shifted in a frontal direction and the whole of it

has become more compact and shorter and is found in its totality

on the level of the VII root. It is equally possible that the consi-

derable elongation of the trochlear nucleus in my specimens of

Rana and Bufo is a result of the originally more caudal position of

the nucleus. In my Rana and Bufo the frontal shifting would thus

be in its first stage: the elongation in the direction of the III^' nucleus,

while in higher animals the whole of the IV nucleus has attained

the more frontal position and consequently t!ie nucleus has become

more compact and shorter again, having concentrated directly behind

the III^' nucleus. From this standpoint considered, the condition which

Kappers found to be present in his Rana has to be explained as a

case in which the shifting has reached already its second and last

stage, the concentration of the whole IV nucleus directly behind

the oculomotor one^) (see fig. 8j.

In Necturus and Cryptobranchus I have not been able to determine

the topography of the trochlear iiucl., though the root of this nerve was

fairly well developed and could be traced a good distance in the

cerebrum.

It is possible however that a

small group of cells lying later-

ally (not ventrally as in anura)

to the ventricle has to be consi-

dered as such (fig. 11). The fibres

of the trochlear nerve can be

followed easily in its vicinity.

The possibility of this is sus-

tained by the fact that in the

original condition (found in Pe-

tromyzon) the nucleus has a posi-

tion dorsal to the ventricle (see

fig. 1), the position under the

ventricle having to be considered

as a secondary one and a transition between them is e. g. the location

as found in Varanus ((Kappers 1. c. fig. 56, p. 61) where a more

lateral position is found.

Till. // fr^ntaéirK/:>nf7t^

1) The possibility that the difference in caudal extension between the trochlear

nucleus in the Rana described by Kappers and my specimen might be due to

inaccurate observation is excluded, because I have examined myself Kapper's

Rana, which gave me the conviction that his topographic -map is perfectly right

and that the trochlear nucleus in his specimen is indeed much more compact
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Similarly this ccllgroup in Ci'jptobranchiis ') can represent the

trochlear nucleus in a transitional stage between liic (h^rsal and

ventral position.

The same cellgronp was fonnd in Nectnrns. In both animals this

group is not in contact with the Ill-nuclens, thus constituting a

striking contrast with Molge, where the IV-nuclens has not only

already attained its ventral position, but is also in close contact with

the III^ nucleus as can be easily demonstrated.

Anatomy. — "Note on the size of the dorsal motor nucleus of the

X'h nerve in regard to the development of the stomach." By
Dr. H. A. Vermeulen Utrecht. (Communicated by Prof. Bolk).

If one compares the shape of a frontal section through the medulla

oblongata in front of the calamus scriptorius in a horse, a cow, a

pig and a dog, one is struck by the difïerence. In the horse and the

dog the tloor of the 4''' ventricle is fairly level, whereas in the

cow and the pig it has acquii-ed the form of a split.

In the latter the sideparts of the floor have a bulging character,

but in the horse it slopes down to the raphe, without any con-

siderable protrusion, and in the dog it is Jiearly Hat. With the

exception of the dog these differences remain the same more frontally.

The fossa rhomboidea of the horse is very long compared with the

cow's (horse 49— 51 m.m., cow 34—35 m.m.), but in the former the

walls are less steep.

Also in the pig the stem of the

brain is only short. In the dog

the floor of the ventricle deepens

again in frontal sections, but —
as I said — in caudal regions it

is very flat. These differences in

the shape of the fourth ventricle

appear to be related with the

extension and the form of the

nucleus motorius dorsalis vagi.

and shorter. On the other hand also my measures and topography in my Rana

and Bufo have been controlled by Kappers, who found them to be right.

Perhaps the difference between the two Ranae has to be explained hy the

possibility that in one case Rana fusca (mihi; and in the other case perhaps

Rana esculenta is used.

1) Another argument for the probability that it may be considered as trochlear

nucleus is the fact that this lateral ccllgroup was not present in Rana, nor in Bufo.

20

Proceedings Royal Acad. Amsterdam. Vol. XVI.

Equus Bos

Sus scrofa dom. Oanis fam.

Fig. 1.

Form of the IV ventricle (caudal).
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The malerial examined for lliis study has been fixed in ale. 950/o and is embed-

ded in parafOnc. Tiie slem of Equus, Bos, Gapra and Ganis familiaris lias been

slained with lokiidine biue, that of Sus scrofa dom. with cresyl-violelte.

Equus cahallus. Tlie dorsal motor nucleus of tbe X^'' extends over

520 sections of 18 fi. Tiie calamus is found in section 214, counted

in caudo-frontal direction. Consequently Vs o^ tiie nucleus is found

in the closed part of the oblongata (see fig. 2) and Vb ^^ the. open

part of it. In the closed part it is first a small group of cells,

growing considerably in frontal direction.

Tiie lateral part, which increases most, conlains several large cells.

In consequence of the suiall size of Ihe XII nucleus on this level

the cells of the motor X come nearer to the central canal than those

of the XIP'' . More frontally the XII''* nucleus enlarges and the cells

of the X'^'i then are entirely doi'sally and later dorso-laterally from it

In tiie middle of its length the dorsal ^'agus nucleus has acquired

its greatest size. It then has a pyramidal foi'm, the top of the

pyramid being directed towards the ventricle. One section may show

80— 100 cells. More frontally the top of the pyramid disap[)ears

so that the rest of the nucleus is entirely situated laterally to the

XII^i', on a somewhat dee])er level.

In this series the dorsal vagus nucleus is found to extend still

28 sections more frontally than the caudal limit of the facial nucleus.

Equus. Bos taums

Caud.

Canis familiaris

I

Front

j-.- •. . . XII

r

Fig. 3.

Section through the dorsal motor X'*^

and the XII''' nucleus of Equus caballus.

Fig. 2.

Extension of the nucleus motorius dorsalis

vagi (black) in regard to the Calamus

scriplorius (doited line).
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Bos taurus.

The dorsal niolor iiiicleiiH of llic X'-' covers 500 secliojis ot 18 fi.

The caliuiiiis is IoiiikI in seclioii 212, coimled IVom (ho caiuUil pole

of the micleus, so that, similarly as in the horse, 7^ of it are found

in the closed part (caudally from the calamus) and 7^ in front of

it (comp. fig. 2).

It begins as a small grou}) of cells, candally from the hind pole

of the XIP'' . It soon increases in size and

is already a considerable mass of cells when
the Xlph ijucleus appears in the sections,

lying dorso-laterally from the latter. Already
(

. f.''
',';•<'•''.'• " ^

here the nucleus is mnch larger than in the

horse. Forty sections behind the calamus

the X^'^ nucleus is twice as large as on the

corresponding place in the hoi'se.

Near the calamus the nucleus has acquired

a considerable dorso-medial extension growing ' "^^'^\
t

'
,^

^^^

towards the floor of the ventricle. Soon after ' '
• r i^v

that it acquires also a pyramidal form, the Fig. 4.

top of the pyraniid being directed towards Section through the

,1 i • 1 't .• i^rxr^ II dorsal motor X^'^ nucleus
the ventricle. In one section 200 cells were and the Xll'i^ nucleus of Bos

found. As a rule the cells are larger than taurus.

in the horse and the number of the large type of cells has obviously

increased, several of them exhibiting the large motor type (comp.

fig. 3 and 4). The nucleus still increases gradually in size beyond

the calamus and keeps its maximum of development as far as the frontal

third of its extension, in which it gradually decreases again, first

losing the top. It is however still a considerable nucleus when the

XII has already disappeared. ').

In my series the vagus nucleus extends 75 sections in front of

the hind pole of the VII''', thus exhibidng in every respect a greater

size than in the horse.

Capra hircus. The dorsal motor nucleus covers a series of 290

sections of 15 fx. The calamus is found in section 185 counted from

the caudal limit of nucleus. Consequently the relation between the

parts contained in the closed region of the oblongata aiid that in

the open bulb is reversed, 75 of it occurring in the spinal oblongata,

75 in the open region (see fig. 2). The nucleus begins 60 sections

behind the caudal pole of the Xll''' as a small groiq) of cells lying

1) The nucleus Xll of the cow seems to be less developed though than in liorse.

20*
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dorso-laterallj from the central canal. Where the XIP^' nucleus

appears in tlie sections the dorsal X"^'' has already 25-35 cells, of a

similar size as those of the XII'''. More frontally this relation changes

because the cells of the XII acquire a larger size.

Located originally dorsally from the XII it acquires — similarly as

in the horse — a more perpendicular position after having increased

in its lateral border. Then we find again the pyramidal form, also

present in the other animals described till now, the top of the

pyramid being directed towards the floor of the ventricle. The nucleus

then lies dorso-laterally from the XII. For the rest its relation is

very similar to that of the cow. Here also the nucleus extends several

sections — 48 — in front of the caudal limit of the VID'^ nucleus.

Sus scrofa domesticus. The dorsal motor ^"^ nucleus extends

over 240 sections of 15 »/. The calamus is found in section 118,

counted from the caudal pole, so that the spinal and bulimr division

of the oblongata contain about equal parts of it (compare fig. 2).

The nucleus begins wilh some fairly large cells dorso-laterally

from the central canal caudally from the hind pole of the XII^'^

nucleus. The nucleus enlarges (contrary to the condition found in

the foregoing animals) at its mesial border.

This medial part increases considerably.

',"
'

The nucleus first lies entirely dorsally,

•.;-. X then dorso-laterally from the XII (fig. 5)

as a pyramid of which (contrary to the

'i'-'V'V-i- foregoing animals) the base is directed

"i' towards the floor of the ventricle. The

greater number of its cells — amongst
'**

• .•
* which a good many of the large motor

.',*•• *,. *' XII type — is about 150 in one section,

•*
* \'' /• The largest size is attained in the middle.

-
. •',

• This size is kept as far as the frontal third

pjo- 5. piii't of the nucleus in which the number

Section lluough tiie dorsal of cells gradually declines,

motor X nucleus and the XII Similarly as in the other animals de-

nucleus of Sus scrofa domesticus. seribed, the dorsal motor nucleus of the

X}^^ extends several sections — 42 •— in front of the caudal limit

of the VII nucleus.

Canis faiiiiHarls. The dorsal motor nucleus of the X^^'' covei'S 278

sections of 10 fi in the dog. In section 125, counted from the hindpole,

the calamus is found, so that a little less than the half of it is located
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beliiiul the axlatnus (i>ee lig. 2). Tlic lirst cells of tlie dorsal X''' appear

62 sections behind the caudal limit of the Xll^'' , dorso-laterallj from

the central canal. When the XIP'' nucleus

appears the X is found dorsal ly from

it. Near the calamus its cells protrude

only a little laterally from the XII, wliicli

on this level has already required a

considerable size. Only in the open bulb

the increase of the nucleus becomes more >/ .*..

^' x
developed, showing a similar form as in

the pig: a pyramid, the base of which y^ :_\- ^:\,-'- xil

lies near the floor of the fourth ventricle.

Approaching more and more the epen-

dyma, the largest number ofits cells is ^, .
,^^o- ?'

, , ,•^ Section through the dorsal
found to be 80. Ihe large type of eel Is motor X nucleus ana the XII

is however— similarly as in the horse— "ücleus of Ganis familiaris.

much less frequent than in the runjinantia and in the pig. The

nucleus has its greatest size on a more frontal level than in other

animals. Over several sections the nucleus keeps a considerable size

and then livst decreases at its dorsal border, while the rest of it

remains on a lower level, lying laterally not dorso-laterally from the

XII. The most frontal part as in the othei- animals extends a little

beyond the caudal limit of the facial nucleus as has also been

described by Kappers ^).

From the foregoing pages appears that, in our domestic animals,

the dorsal motor nucleus of the X''' has the least development in

the horse, in which also the cells of large type are less numerous.

The anatomical characteristics of oesophagus and stomach seem to

be in accordance with this. Kosaka ^) has demonstrated that the

dorsal vagal nucleus innervates the posterior part of the oesophagus,

the stomach and the lungs, [n the horse the cervical part of the

oesophagus contains striped musculature, the thoracic part and stomach

smooth musculature. Only microscopically vestiges of striped mus-

culature can be traced in the latter"'). In this animal the size of the

ventricle is relatively small and consequently there is not much

smooth musculature and glands. In the cow, sheep, goat, pig, and dog this

1) G. U. Ariëns Kappers. Weitere Milteilungen über Neurobiotaxis, VIL Die

pliylogenetische Enlwicklung dor motorischen Kei'ne in Oblongata und Miilelhirn,

Foiia Neurobiologica, Ergiinz. Heft. Bnd VI 1912. S. 116. Fig. 102.

~) Kosaka. Ueber die Vagnskei'ne des Hundes. Neurologisches Gentralblatt

No. 8. 1909. S. 4 u. 5.

^) Ellenberger. Handbuch dor vergleichenden Mikroskopischen Anatomie der

Haustiere.
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transition takes place fiirilier down the oesopliagus. In the cow

and tlie sheep it only takes place in the snlcns oesophagens, the

continnation of the oesophagns in the stomach, in the goat, pig, and

the dog near the cardia. Bnt not only the oesophageal mnsculatnre,

also and even chiefl}" the ventricular smooth musculature is immen-

siely enlarged in the cow, where also the glandular surface is larger

and it seems probable to me that these differences have to explain

the small size of the dorsal »notor X^'' in the horse and the small

number of cells of the large motor type found in it.

Although the greater part of the oesophageal red muscnlature is

striped and innervated by the IX, I should not be astonished if this

considerable quantity of red musciilalui'e in the lower part of the

oesophagus and stomach of the cow contained also a good deal of

smooth muscles with a vagal innervation.

I have been able to control this in the bird, where the red

mnsculatnre of the stomach appared to be smooth. Moreover,

among the several hundred horses which passed the section-room I

found one in which the oesophagus was red also further down

to the place where it pierces through the diaphragm. I examined

the praecalamic part of tiie vagal nucleus (312 sections of 18 fi),

and I was struck by the fact that in this animal the shape

of the oblongata near tlie calamus resembles more that of the cow

and the pig than that of its own sort. Also here the floor of the

ventricle protrudes much more in its lateral portion.

In comparison with my other series of 18 (i it appeared that the

nucleus keeps its maximum-size also further frontally. Whereas in

the normal horse the nucleus had lost its greatest size 120 sections in

front of the calamus, in this horse the maximum of the nucleus

was still found 190 sections in front of the calamus. Several cells

of the large motor type are found in this nucleus and in many

sections tlie top of the pyramid-shaped nucleus approaches the floor

of the ventricle more than is the case in the normal horse.

Conseciuently it is very obvious that the vagal nucleus is the

largest in those animals which have a large stomach. Already

KosAKA and Yagita ^) have explained the large size of the dorsal

motor X nucleus in birds from the fact that these animals have

several stomach compartments. I may add to this that one compart-

ment, the so called muscular stomach of these animals has a con-

siderably^ developed red muscula,ture (which on microscopical exami-

nation appears to be smooth) and the dorsal motor nucleus of the

X in birds has many large cells.

1) KosAKA und Yagita. Experimentelle Untersuchungen iiber den Ursprung des

Nervus Vagus etc. Okayama-lgakwai Zasshi No. 188. 1905. S. 2.
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The horse has a stomacli whicli is decidedly small (8.15 L.) and

a dorsal motor X mieleiis which is equally small ^comp. fig. 3), the

ruminantia have an enormons stomach (cow =t 200 L.), which in

some compartments is very rich in musculature and glands. In

accordance we find a very large dorsal X nucleus in the cow
(see fig. 4).

Also the pig is well provided in this respect if we consider the

small size of its body (stomach 7.8 L.) and equally the dog. In the

latter the stomach varies considerably according to the race, but as

a rule is well developed (according to Mentzlaff 8.26—29.31 % of

the body-weight). Among our ruminant animals we find the difference

that a ventricular compartment, which in the cow is very muscular

is poorly developed in the goat and the sheep. Perhaps this explains

the fact why in the latter the dorsal X acquires only its greatest

size in its frontal third part, whilst in the cow the nucleus already

acquires its greatest dimensions in the middle and keeps this maxi-

mum over a much longer distance than the sheep and the goat (see fig 2j.

Now comparing the shape of the caudal part of the floor of the

fossa rhomboidea with the above mentioned differences in the size

and form of the dorsal motor nucleus, we understand why in those

animals where this nucleus is more considerably developed and

contains a great many motor cells the floor protrudes in the ventricle.

That this is not so in the dog may depend on the fact that this

nucleus is only small directly in front of the calamus, and only

acquires its greatest size in the frontal third part.

Finally I make use of this occasion to rectify a slip of the pen

that has occurred in C. Ü. Ariëns Kappers's VII'^ communication

on Neurobiotaxis, on p. 97. Dealing with the dorsal motor nucleus

of the horse the author says: "Nur heiiR P/erd fand Vermeulen ihn

erheblich grosser, was er mit dem grossen Magen dieses Tieres in

Verbindung bringt". This must be of course "nur beim Rinde".

Anatomy. — "On the relation between the quantity of white and
grey substance in the central nervous system." By Dr. A. J.

HovY, Utrecht. (Communicated by Prof L. Bolk).

The relation between white and grey substance in the central

nervous system has frequently puzzled the mind of neurologists. So

authors (Chiari, Heschl, Jelgersma and others) have alluded to it

when dealing with the gyrated surface of the brain.

The quantitative relation has however rarely been measured

with any amount of exactness. The greatest obscurity still exists as
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far as lliis relation in rciianl to tlie evolutionary standpoint of mam-

mals is concerned. It is even difficnlt to tind a trustworlh) method

for measuring this rehition and still more difficult to explain an

eventual result. Doing so there would be a considerable chance to

leave the Held of exactness and to grasp in the darkness of theories.

The man}- factors that may act a part in this relation have been

mentioned by Ernst de Vries ').

Several other authors (Sneli. '), Weber '), Dubois ') have demon-

strated that there exists a relation between brainweight and the

place occupied by the animal in the evolutional series, but specially

between the weight of the brain and that of the body in such a

sense that small animals have as a rule a greater relative brain-

weight than large aninuils of the same order.

From this appears that at least two factors, the evolutionary stage

and the size of the animal have an influence on the mass of the

brain.

Equally in the study of the relation of grey and white matter

different factors have to be considered.

The author intended to study only one of these factors, viz. the

intluence of the size of the brain on the relation between white

and grey matter.

This relation has very rarely been examined with exact methods.

The first who tried to obtain really exact results was Danilewsky ^),

wlio made use of the physical method of Archimedes to define the

quantitative relation of two constituents of a mixture, by measuring

the specific weight of each of the constituents, and then the specific

weight of the mixture.

With this method Danilewsky found the relation between grey

and white matter in a dog's brain to be 50 : 50 in one case and

1) Dr. E. DE Vries, Das corpus sti-iatum der Siiugethiere. Anatom. Anzeiger.

37sler End. 1910. p. 386.

~) Snell, Die Abhangigkeit des Hirngewichts luid die geistigen Fahigkeiten.

Archiv f. Psychiatrie. Bnd 23, 189^2.

3) Weber, M. Vorsliidien über das Hirngewichl der Saugelhiere Festschrift f.

Gegenbiur 1896. Weber, M. Over het Hersengewicht der Zoogdieren. Kon. Aka-

demie v. Wetensch. te Amsterdam, October, 181'6.

•^) Dubois, E. Ueber die Abhangigkeit des Hirngewichts von dei' Kürpergrösze

bei den Saugelhieren Archiv. f. Anthropologic, Bnd 25, 1897.

s) Danilewsky. Die quanlitativen Beslimmungen der grauen und weiszen Sub-

stanzen im Geliirn; Centralblatt fur die medizinischen Wissenschaften N^. 14, April

1880 p. 241.

The results here referred to were already mentioned by the author at the

congress of naturalists in Gharkow, 1878.
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average j-esnit of several experiments tills relation lo be 39 : 61.

Tliese results are liighlj interesting- and it is a great pily that

Danilewsky has not continued this work and that the onl}^ results

which he mentions concern two subjects with such a different develop-

ment of the nervous system. I will however call attention to the fact

that in the larger of the two — man — the author found a much
greater relative amount of white substance (llVo more) than in the

smaller.

Intending to examine only one of the factors that may
intluence the relation between white and grey matter: the size of

the brain, I have thought it convenient to study corresponding

regions in small and large representants of the same orders, thus

avoiding as much as possible the influence that might be exercised

by differences in evolution. I found the spinal cord to be the

most fit for this purpose on account of the circumscript form of its

constituents and since the cervical cord of a large amount of material

was at my disposal in the Central Institute for Brain Research I

have made use of this.

That the brain of large and small animals of the same sort shows

a difference in the quantitative relation of the above mentioned

constituents was remarked already by Brandis ^) in 1893 and in-

dependently of this author by Ernst de Vries (I.e.)

-The former found that in the spinal cord of a large bird (Anser) the

white matter was not only absolntely, but also relatively larger than

in a small bird (Regulus, see tig. 2).

It seemed useful to me to test this occasional remark by a

larger amount of material chosen from all classes of vertebrates

and from as many orders of mammals as were fit for this research.

My material contained :

Two sharks.

Two chelonia

Three lacertilia

Four birds

Three rodents

Two ungulates

Two carnivoia

Four platyrrhine apes

One elephant.

^) Untersuchungen iiber das Gehirn der Vügel. Archiv. f. mikr. Auutomie. Bnd.

•iJ, 1893. pag. 177. Theil i.
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In all these groups small and large representants were compared

— except that there is no small proboscidean to be compared with

the elephant ^). I have however taken into consideration also the

latter because it shows so well the general law in the relation

between white and grej matter as will be seen in my table (fig. 1).

The following method was used :

The sections coloured after Weigert^Pal were drawn in a pro-

jection-apparatus, in about the same size. Since it is only a question

of relation the magnification is not of importance, and can only in

so far act a part as a stronger magnification enables us to greater

exactness in drawing the details of the circumferences.

These drawings were made on waxplates of .constant thickness"),

and the circumference of the grey and white matter cut out.

The ouicuts were weighed and their relation expressed in percents.

They are represented in the table of figure 1. In each column the

grey matter is represented by the black colour, the white substance

by the white colour; the number under each column indicates the

percentage of grey matter.

In those columns where a large and a small representant of the same

order are compared, we constantly see that in the larger representant

the relation is very much in favour of the white matter. Equally

in the elephant the enormous prevalence of white substance is striking.

In two animals — Hexanchus and Scylliam — the grey substance is not very

compact but sbows a rather reticular arrangement, the openings of the reticulum

being filled up with white substance. This made it very difficult to make trust-

worthy outcuts, for which reason I have omitted to reproduce the results —
which however was not in contrast to the general rule.

Since the four ptatyrrhine apes did not all differ considerably in size, I have

only represented the relation in the smallest and largest monkey.

The general rule expressed by my table for small and large adult

material seems to be equally striking in the development of the

centi'al nervous system as appears from the interesting researches of

R. Stern ^), who has pointed out that during the development of

the spinal cord from infant to adult the white substance increases

1) The tapir might be used for comparison being nearest akin. This animal

however has not been stained. It is fairly large moreover.

2) As used for waxreconstructions after Born and Peters' method.

^) R. Stern. Beitrag zur Keuntnisz der Form und Grösze des Rückenmarks

querschnittes. Arbelten aus dem Neurologischen Institute der Universitat Wien

1908, p. 367.
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much more than the gvey substance (the difTerence being about 10''/j.

It seems to me that the rule demonstrated liei'e has to be exphiined

by the factors pointed out by EriNst dk Vkies viz. that if a brain

increases in size, the number of myehnated fibres increases with the

number of cells (that is with the grey substance) but since each

fibre (each myeline sheath) becomes so much longer ^), the whole

quantity of white matter increases in a higher degree than the

quantity of grey matter.

Apart from the differences mentioned above, I found also a difference

in the shape of the grey substance in small and large representants

of the same orders (see fig. 2).

As a rule the butterfly-like figure representing the grey matter

has a clumsy form in small animals whereas in the large ones it

is much more gracile. Specially the grey commissure between the

left and right horns becomes more gi-acile as is strikingly demonstrated

by a comparison between the mouse and the elephant. It seems that

the increase of white substance in the posterior and anterior funiculi

causes an enlargement of the distance between the horns.

Finally I want to remark that also the form of the cervical cord

as a whole seems to be modified in large animals in such a sense

that in small animals this form is more round, while in large

animals it is more oval (see fig. 2).

It may be possible that this difference has to be ascribed to a

greater opportunity for bilateral extension in the cervical part of the

vertebral canal in large animals. It is however equally, if not more

possible that the increase of white substance in large animals does

not take place in the same degree in all the funiculi of the cord

and that special parts are favoured, so it may be that the considerable

enlargement of the posterior and anterior funiculi, which causes the

horns to lie at a greater bilateral distance of each other, causes at

the same time an enlargement of the cord in bilateral sense.

1 do not believe as yet that this phenomenon may be considered

as a rule, but I wanted to call attention to it since R. Stern (I. c.

p. 322) has pointed out the opposite during the growth of the human
spinal cord, stating that the spinal cord of the infant has a more

oval, the one of the adult a more circular form.

1) Moreover the longer myeline-sheaths are often a little thicker. This is

however not of great importance relatively and may practically be neglected.

On the other hand the fact that in larger brains some cells are somewhat

larger, as has been demonstated still recently by OfiERSTKiNEri for the Purkinje cells

of the Cerebellum ( Arbeiten a. d. Neurologischen Inslitut der Universiliit Wien

Bnd XX, 1913), may be also neglected, since its influence on these relations is

relatively unimportant.
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Lacerta agilis

Small

\ Varanus salvator

Reguliis crist.

(after Brandis)

Anser canadensis

(after Brandis)

Columba dom.

Mus musculus

Mus musculus

Tragiilus javan.

Struthio camelus

(sec. Streeter)

Dasyprocta agouti

Lepus cuniculus

Hippotragus niger

Elephas indicus.

Fig. 2. Relation between grey (black) and white (white) matter in the cervical

cord of small and large representants of the same orders. (The sections

are drawn in the same size in order to show better the relative enlarge-

ment of white substance).
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This observation of Stekns seems not to be applicable in a coni-

parison of small and large adults.

Resuming my results, 1 may slate the following conclusions :

l^K Li the spinal cord of large individuals of the same order the

relation of the white substance to the grey is much more in favour

of the white than in small individuals.

2'"l This rule holds good for all the classes and orders examined.

3''^. This phenomenon can be explained — and according to my

opinion has to be exphiined — by the explication given by Ernst

DE Vries (vide supra).

4^''
. Also the shape of the grey mather shows a moditication in

large animals in so far as it becomes more gracile, which is

chiefly demonstrated by the distance of and the grey connection

between the horns.

Physics. — "7Vie uiacpieto-optlc K]iRR-eff'ect in ferwmaanetic com-

pounds." IV. By Pierre Martin of Geneva. (Communication

from the BosscHA-Laboratory by Prof. H. du Bois.)

In a former paper ^) I have given the dispersion curves of the

KERR-effect for certain manganese and iron compounds. It should be

particularly noticed that almost all of these curves, as has been

further confirmed with new material, show an algebraic maximum

and minimum between or near the limits of the visible spectrum.

In the present research I have determined some new dispersion-

curves and have also investigated in the case of a few substances

the relation between the KERR-etfect and the temperature.

For this pui'pose the material was cut into small discs of the

Baine. size as the pole-top (V, 7 mm.) face, and this entire system

completely insulated from the pole-shoes by a layer of asbestos.

The heating was accomplished by means of an ordinary Bunsen

burner. Up to 300^ the temperature was measured with a thermo-

meter imbedded close to the mirror. For higher temperatures up

to 450° a compressed nitrogen thermometer was used.

By regulating the flame the temperature could be kept constant

to within about 5°. In order to prevent as much as possible

oxydation and "tarnish colours" the mirror was constantly bathed

with carbon dioxyde which had been led over KMnO^, SnCl^,

1) P. Martin. These Proceedings 15, p. 138, 1912.
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NaHCOj and CaCl.^ ^). A few measurements were made at a low

temperatui-o. \\\c whole system being' imbedded in carbon <liüxide

snow.

Otiierwise the experimental arrangement was the same as hitherto *)

except that instead of the small half-ring a large du Bois fnJl-ring

electromagnet was used. With this all of the mirrors investigated

were capable of saturation, since the strongest field was estimated

at from 30 to 40 kiloganss.

The direct-vision high-luminosity monochromator ') was recalibrated

at several points with the aid of a mercurv vapour lamp. The obser-

vations proper were made exclusively with au arc lamp. The field

was reversed each time to eliminate constant errors and the observed

values corrected for the FAKADAY-rotation in the air-path. In ^ iew

of the smallness of the rotations it proved still impossible to determine

the ellipticity.

As regards the material, it was found that most pulverized sub-

stances by moderate compression with or without binding material

could also be worked up into pastils which were more or less

capable of polish.

The present research aims principally at a general knowledge

with regard to the magneto-optical properties. Especially is this true

of the temperature curves the range and precision of which need

still to be extended considerably.

In the following tables 1 denote as hitherto by. X, the wave length

of the light in question in n{^i ; A, the double rotation on reversing

the current as read off the scale in mm.; =t ds, the mean error

respectively in minutes or in percent. ^V is the number of readings

made for each direction of the current, which varied according to

the brightness of the mirror from 10 to 30 ; t, the temperature

;

0^, the temperature at which the magnetizability vanishes.

To Geh. Rat. G. Tammann, Göttingen, Prof. P. Weiss, Zurich,

Privatdocent Dr. S. Hilpert, Charlottenburg, and to the firm,

Griesheim-Elektron, I am greatly indebted for kindly supplying

valuable materials.

Binary Manganese compounds.

Manganese Arsenide (Mn As. Hilpert, &^ = 45°). The rotation in

1) R. SiEDENTOPF Dissert p 8 Göttingen 1S97.

S) Cf. St. Loria. These Proceedings 12. p. 835. 1910; 14, p. 970, 1912.

3) H. DL' Bois, Ztscbr. füi- lustr. Kunde 31, p. 1. 1911.
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the jellow amounted to about 1.5' and ap|ieared to vanish in llie

orange.

u^f(üi(/(üiese Antuiionlde (Mn. 35. Sb. 65 = MnSb nearly, Tammann,

6^ = 265°). The dispersion curve is given in my first paper (i.e. Fig. 2).

The temperature curve, s = ff {t), is represented in table i. Below
60° the rotation remains constant. In the neigiibourhood of 80° it

begins to decrease and thereafter continues to decrease at a nearl}'

Jinear rate. The zero point seems to lie at about 265°. After heating

to 205° the rotation rose again to its former value on cooling and,

therefore, does not show thermal hysteresis. A second heating gave

the two last points near 222° and 245°. Further heating destroyed

the mirror.

'fit)

TABLE 1.

Mn Sb (saturated) ;. = 567 im

N



321

final drop in the magnetization was found by them to lie between
200" and 240° for fields of about 10 gauss. First of all was avail-

able the sample I, which had been etched with H^SOg. B'ig. 1

repj-esents the temperature curve between — 78° and + 220°. The
curve extended cuts the axis of abscissae near 235° in agreement
with the results of the other obser\ ers just cited.

I received from Dr. Hilpert, also, two ditferent pulverized cemen-
tites which after pressing in the dry state could be polished fairly

well. These, it should be noticed, gave entirely distinct dispersion

curves, ditferent from those for sample 1, which moreover differed

among themselves. While the latter shows a maximum and minimum
of the rotation respectively in the violet-blue and in the green-yellow,

these singularities are displaced in the case of samples II and III.

All, however, gave strong negative rotations which will now be

discussed more in detail.

Iron Carbide II (4,8 7o C, about 20 7o li'ee iron, Hilpert) shows
a powerful rotation (between — 18' and — 21') with a numerical

maximum in the yellow and a minimum in the orange-red. (Fig. 2).

The mirror, which had a distinct yellowish appearance, scarcely

21

Proceedings Pioyal Acad. Amslerdam. Vol. XVl.
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reflected the blue light at all, so that it was impossible to use wave-

lengths shorter than 483 mt.

s
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to HiLPKRT the sample III contains free carbon together with a

new higher carbide, possibly FeC, or FeC. The diversity of the

13'-

-12'-

11'-

-10'-

-
9'-
8'-

-
7'-

-
6'-

- 5'
-

4'
-

3'
-

•
2'-

- 1'

0°
J—I

—

\ L

t200^

Fiff. 4.

results may, therefore, bo due to the presence of two oi' even three

carbides or mixtures of the same, which is interesting from a

metallurgical point of view.

Ferrosllicon (atomic percentage of Si 30, Tammann, 6^ ^ 450°)

Conglomerate of mixed crystals. The saturated mixed crystal with

33,3 atom. perc. Si has the same composition as the compound, Fe^ Si

whose existence is still uncertain ^). The hard material could be

finely polished. The substance is characterized by a powerful negative

rotation increasing continuously from the violet to the red and by the

absence of singularities in the dispersion curve. (Tab. 2).

,=f{l)

TABLE 2.

Ferrosilicon (saturated; Tammann.

N
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The rotation, already somewhat smaller at 80°, decreases slowly

and at a nearly linear rate up to 280° after which it falls off very

rapidly and vanishes apparendy at about éGO"". The coarse of the

observations was as follows. The mirror was heated gradually up

to 300°. At 340^ it began to tarnish. The freshly polished mirror

was then heated as rapidly as possible, since the "tarnish colours"

form only slowly, up to 305°. Here a few test readings were taken

which were satisfactorily continuous with the previous ones. At

400°, howevei', the mirror began to discolour again, the rotation

increasing gradually. Nevertheless, I was able to estimate the mini-

mum value of the rotation at about 4'. The behaviour on cooling

could not be determined on account of the tarnish. The temperature

curve is given by Table 3.

TABLE 3.

f = ff{t) >l=r615,'//t Ferrosilicon (saturated) Tammann.

N
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TABLE 4.

Fe2Co (saturated) Weiss-

N
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TABLE 5.

Fe2 Ni (saturated) Weiss

N
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maximum in the green cind zero i)oints near 510 (ifi and 590 (i(i.

(Fig. 5 X points).

xCaOFPaOg ACoOFcoOs
oZnOFPoOs

.^_L
450 500 550

Fie. 5.

600 650 680;,

The rotation was too small for the determination of a temperature

curve.

Titanium ferrite (Ti^Oj . FejOg, Ilmenite, regular). The same mirror

as used by Loria without result gave no measurable effect (? <^ 0,10-

Ferroferrite (FeO . Fe^Oj, maguetite electrode of the firm Griesheim-

Elektron, 8^ ^ 500°). The dispersion curve is very similar to those

found bj LoRiA for a natural octahedral surface and by Weiss for

calcined amorphous FcgO^. The maximum d= rotations are, however,

somewhat less. The singular points of the three curves are located

as follows:

Ferroferrite Zero-point I Maximum

Natural Octahedral Surface

Calcined Amorphous

Magnetite Electi-ode

464 {III

492 „

496 „

ca. 575 mi

„ 615 ,,

„ 600 .,

The position of the flat maximum is, of course, more or less

uncertain. Tiie agreement is, therefore, much better than e.g. with

the cementite samples.

On heating the decrease in the rotation begins before 200° and

continues nearly linearly up to 430". A straight line extrapolation

of the curve cuts the axis of abscissae near 510° (Tab. 8). On cooling

the point near 200° was again observed and at ordinary temperature

the values of the rotation agreed with those before heating.

Fennferrite [Fe^Oj . 2Fe503, martite, pseudomorphous with octa-

hedral magnetite, from Twin Peaks, Utah]. The above form of the
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TABLE 7.

Magnetite Electrode (saturated) Griesheim.

TV
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In any case, I was aUlc using a polished surface lo measure with

tolerable precision an cxceodingiy minute rotation, (f <^ 0,2'). This

increases somewhat toward the blue and seems to weaken at the

end toward the red. The form of the curve is, of course, very

uncertain. (Tab. 9).

-fO^)

TABLE 9.

Martite (saturated) Twin Peaks

A^
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TABLE 10.

.=ƒ(/)
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spectrum. It is positive in the green and negative at the two ends.

The zero points are near 477
//f< and 640 n}i. The form of tlie curve,

also, indicates a minimum in the ultra-violet. (Fig. 5, o points).

+1',5

+ 1' -

+0',5

Franklinite

rv(t) . / =515

0'
'

! L
-70° -50° +50-

Fig. 6.

The rotation decreases very slowly from — 78° to 0°. It then

falls off rapidly, vanishing between 60° and 65°. (Fig. 6). In agreement

with this WoT.oGDiN found 61° for the transition temperature.

Physiology. — "Oil the Tx'STima.-phenomenon In gelatin-solutions."

By L. Arisz. (Communicated by Prof. H. Zwaardemakerj.

(Communicated in the meeting of June 28, 1913).

In watching the TYNDALL-phenomenon in a 1% gelatin-solution

Prof. Zwaardemaker observed a greater intensity of the diffused light

after the change from sol to gel than before the gelatification.

This prompted me to investigate the TYNDALL-phenomenon more

closely.

For a determination of the intensity of the light a method was

adopted that has been suggested by Hartmann ^). My mode of pro-

cedure was the following : A series of photographs were taken of

the TYNDALL-phenomenon .at right angles to the incident pencil and

the intensity was calculated every time from the grade of blackness

of the picture. This estimation was based on the principle, that

when a number of phites, as uniform as possible, are exposed under

precisely the same conditions of time, temperature, development and

further treatment, the density of the negative will depend only on

I he intensity of the light.

Different portions of a plate being successively exposed at various

known distances to the same constant light-source for an equal space

of time, afford a suitable scale of various grades of blackness. For

1) Zs. f. Tnstrum. 19. 97. 18S9.
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a measurement of the intensit}^ of the light we have only to compare

the density of the image of the TYNDALL-cone with this scale.

A small NKRNST-lamp I found to work very well as a light-

source; by means of some lenses its light was focussed to a well-

defined pencil, which was sent through a closed glass cuvette with

smooth walls and filled with the solution to be examined. In order

to regulate the temperature the cuvette was placed on a thermostat,

a cover of asbestos preventing as much as possible the influence of

the temperature of the surroundings. The cover was removed only

while the pictures were being taken. This ari-angement as well as

the photographic apparatus was unaltered during the whole series

of exposures, so as to yield perfectly comparable results.

In order to obviate any deteriorating influence of an occasional

inconstancy of the Np:HNST-lamp or of some error in our procedure,

an exposure was made together with the TYNDALL-phenomenon on

the same plate, of a surface, lighted directly by the lamp. The

density of this comparison surface must be the same on the various

plates of a series in order to draw conclusions from the differences

in the pictures of the TYNDALL-cones ').

After some preliminary experimentation with an aqueous gelatin-

solution, demonstrating that a fall of the temperature causes a

considerable rise of the intensity, I invariably used solutions of

gelatin in glycerin, because a previous investigation of some other

properties, especially the viscosity, had proved how their condition

is inrtuenced by the temperature. An advantage of these solutions is

that, in closed vessels, they keep very long without any alteration

attributable to evapoi-ation or lo micro-organisms. For the solution

I used commercial glycerin containing about 30"/^ of water and

o-elatin, which had been washed long enough, to remove the salts

and had then been dried again. After careful filtration the solution

was put in the cuvette. Then it still contained a large number of

air-bubbles, which could be removed in vacuo at 70°.

In all gelatin-solutions that were examined, the incident pencil

generated a beautiful cone. In diluted solutions nearly the same

intensity is observed over its whole length ; in more concentrated

solutions (10 "/J the intensity diminishes rapidly but evenly, as the

1) For the pictures I used the very sensitive plates of Lumière ("étiquette violette' ).

Time exposure 30 sec. Development v^^lth oxalate of iron after Eder for 2 minutes.

Fixation in a hyposulphite solution. Development with oxalate of iron is preferable

since it yields perfectly black tints, whereas organic developers often act upon the

tone of the image.
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pencil penetrates f'artlicr into the solution. The colour of the diffused

light is white and, as in all other cases, the light, emerging perpen-

dicularly on the incident pencil, is highly j)olarized.

In experimenting upon the TYNDALL-phenonienon I was guided by

the knowledge of the changes in gelatin-solutions, obtained in study-

ing the viscosity in the selfsame solutions. Before long I intend

to discucs this point at length. With a view to elucidate the exper-

iments reported in this paper, it is necessary to preface them with

a short survey of my experience just now alluded to.

The properties of a gelatin-solution, whether this be a sol or a

gel, are, in a condition of equilibrium, completely determined by

the concentration, the temperature and the pressure. Most often,

however, the solution worked with is not in equilibrium. Therefore,

even under constant outward circumstances alterations are to be

noted in the solution, which bring it nearer to the equilibrium. This

approximation occurs rapidly at 60° or at a higher temperature,

when the equilibrium is established in a few minutes. Lower tem-

peratures slacken this process. At 40° it takes some days even ; at

20° an equilibrium cannot be noted even after three weeks and at

0° the progress of the process is imperceptible.

In order to find the value of a variable in the equilibrium at a

given concentration, temperature and pressure, I took the equilibrium

to be the limit of all the changes that occur in the solution.

Therefore, the preceding treatment was conducted in such a way,

that when the desired temperature was reached, the value of the

variable was either too high or too low% so that while the tem-

perature remained the same, it was respectively reduced and

augmented. By prolonging the experiment we can get as near to

the equilibrium as we like.

Now it appeared that the intensity of the Ti'NDALL-cone evinced

changes similar to those described here. We publish an experiment

in which the phenomenon was faint soon after the required tempe-

rature was reached and w^as gradually intensified; a 27o gelatin-

glycerin solution, after being heated for five minutes to 70^, was

at once cooled in cold water. As soon as the room-temperature was

reached pictures were taken at regular intervals of an hour. The

images obtained, showed that the intensity of the light had increased

continuously. In the meantime another change had taken place iji

the solution, viz. the viscosity had increased slowly and after 2

hrs the solution had been solidified; even then, however, the intensity

was increasing ; this was proved by an exposure made after

12 hours.



We give a summary of" our results in the following table ^).

27o gelatin-gljcerin solution cooled to 16° after heating to 70°

Readings after hr 1 hr 2 lirs 3 lirs 12 hrs

Consistence fluid viscous nearly solid solid solid

Intensity 0,25 1 1,4 1,4 2,8

The conversion from sol to gel is not sudden.

In another experiment the initial intensity of the TvNDALL-phe-

nomenon at the temperatui-e of the experiment was greater than

when the solution reached the equilibriinn, determined by this tem-

perature, so that, as the test proceeds a reduction of the intei:sitj

is to be looked for. The experiment was performed with a 1 "/o

solution that had been kept at room-tem[)erature for some time and

had subsequently been warmed to 50°. At tliis temperature the solution

luas fluid always. At intervals of 24 hrs three determinations were

made, demonstrating a slow and slight diminution of the intensity

of the light.

1% gelatin-glycerin after JO days at 16°—18', warmed to 25°.

Readings afier : 1 day 2 days 3 days

Consistence : fl. fl. fl.

Intensity : 5,6 4 4

After heating to 70° the intensity was rapidly reduced to 0,5

and then remained constant. Experiments such as these can be

repeated at will on the selfsame liquid. The results will ever be the

same. They are in keeping ^vith the abo\'e survey, so that we are

iustified in concluding that the intensity of the TYNUALL-phenomenon

always approximates its equilibrium value and that in that state it

is a function of the temperature.

Hereafter we were eager to know, whether the changes of the

Tyndall-couc occur only when the solution passes from sol to gel

or whether they are not dependent on this conversion. To ascertain

this a series of experiments were carried out with a 17o solution,

that had been heated beforehand to 70°. They were continued for

12 days, in which time the viscosity w^as highly increased, but a

conversion to gel was out of the question. At first an exposure was

made every 24 hrs, later on every 2 X 24 hrs. It appeared that

after 12 days no equilibrium had been established; from the 1^*^ to

the 8^'' exposure (on the 12^" day) a set of negatives was obtained,

1) Tlie values recorded apply to llie most intense portions of tlie cone. They

are calculated from ratios for whicli the unit svas arbitrary.
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illustrating a growing iiitensit} oC the TYNDALL-plienomenoii ; the ralo

of the growth, however, was gradually reduced.

VI, gelatin-solution cooled to J6°—18' after heating to 70'.

Readings after: d. 1 d. 2 d. 4 d. 6 d. 7 d. 9 d. 11 d.

consistence

:

fl.

Intensity: 1 2 2 2,5 4 4 5,6 5,6

We are in a position to record also another experiment carried

out at 20° witii a 2"/„ solution and started a few hours after tiie

solidificatioji of the solution. For four days the changes were noted.

Here also an alteration took place, which was most marked in the first

12 hours and then became less conspicuous.

2"/, gelatin-solution cooled to 20° after heating to 70°.

Readings after: d. 1/2 d. Id. 1^ d. 2 d. 3 d.

consistence

:

solid

Intensity: 1,4 4 5,6 5,6 5,6 (4)^)

The last two experiments yielded two series of plates that were

very much alike inter se. It is im})0ssible to determine whether

they had been taken from a sol or from a gel. The Tyndall-couc does

not enable us to tell the one from the other any more than the

naked eye does.

The changes in the 1% and the 27o solutions are not so conspic-

uous at high temperatures as at the temperature of the above

experiments. At 40° no change could be made out, and if we com-

pare the intensities at 40° and at 70°, the difference seems to be

nihil. We take it therefore, that beyond 30' the temperature has

only little, if any, influence on the intensity and that the increase

commences only below 30''.

Additional experiments were made with 57o ^md lO"/,, solutions.

As for the latter we can but say, that changes presumably did

occur at various temperatures, but that they could not be clearly

demonstrated by our method of working '^).

The 57o solutions yield results similar to those of the 1 7o ^^^^

the 27o solutions. Here also different values of the intensity of

the light correspond to the various temperatures ; changes only appear

at lower temperatures. Contrary to the 17o solution, an obvious

difference is to be noted in the 57o sol. between the intensity at

40° and 70°, as shown in the following table:

1) In this exposure the comparison surface was not equal to that of the other

plates of the series.

2) The rapid reduction ol the intensity of the diffused light as the pencil pene-

trates farther into the solution, renders it difficult to determine the differences in

the absolute intensity.
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Readings at: 70° 40^ 50"^ faftrv 12 lu-s) 19° 19° (nfu-, 12 ins-

Consistence: fl. Ü. fl- solid solid

Intensity: 1,4 2,8 4 8

To sum np the above, we have first of all to call attention to

the fact, that we have observed a change in the intensity of the

TYNDALL-])henomenon in a gelatin-solution at a constant temperature.

It occurs in the sol- as well as in the gel-condition and seems to

proceed according to a fixed rule. This changing process sometimes

lasts several days, the solution approximating an equilibrium,

determined by the temperature.

The influence of the temperature on solutions of varions concen-

tration is not the same. In a IVo solution it is not, or hardly,

noticeable beyond 40°; very great, however, below 30°; in a 57„

solution the intensity increases rapidly even at 40°.

This does not seem to be attributable to the change from sol to

gel. Still, there is most likely some connection, since the change of

the TYNDA]-L-('one always becomes more distinct below a temperature

about 10° higher than that at which the gelatification can be con-

sidered to have been established.

Physiology. — "Eiperiments on the atonical muscle." By Prof.

J. W. Langelaan. (Communicated by Prof. H. Zwaaruemaker).

(This communication will not be published in these Proceedings).

Chemistry. — *'(>« the formation of nn aldehyde from s. divinylgly-

col." By P. Muller. (Communicated by Prof. P. van Romburgh).

(This communication wil" not be published in these Proceedings).

E R R A T U M.

Proceedings of March 22 and April 25, 1913.

p. 12.56 1. 4 from the bottom for: of which

read : for each of whose partial sequences

p. 1256 1. 1 from the bottom, 1 for: of the sequence

and p. 1257 1. 1 from the top / read: of each partial sequence of

)
the sequence

p. 1257 1. 11 from the top foi- : bi<^u<^Ci
i i i

read : bi <^ a <^ ci [hi <[ Cf).

(October 24, 1913).
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Physiology. — " Roliuuj nuweuients, and the ascending vestibular
ij

connections. {Fasciculus Belters Ascendens.) By Dr. L. J. J.

MusKENs'). (Communicated by Prof. J. K. A. Wertheim Salo-

monson).

(Communicated in the meeting of April 25, 1913).

By rolling movements we intend to have understood, the com-

plex of symptoms that I described under the name ^) of rolling

movements, so that this forced movement was reckoned to be present,

as long as the head was rotated around the bodily axis (cervical

spine) and there is still presejit an apparent tendency to lie down

on one side, and inclination to fall down on that side. We deal

here therefore with a locomotion, or tendency to locomotion, in a

vertical plane, standing vertical to the long axis of the body.

I have arranged a great numbei' of experiments, about the N.

vestibularis especially on cats, after tlie anatomical lesions, found

with the Marchi method after death.

In a tirst group the cases, where the vestibulary root itself was

wounded by the instrument, or was found degenerated at least to

such a point (by stretching, cerebral haemorrhage) in such an intensity

that a very serious lesion of tiie root either partial or total must

have been present. The supposition of this serious lesion of the

vestibulary nerve when finding compact degeneration of the root

gains in probability, as soon as one compares the duration of the

rolling movements in this group with the duration of this movement

after other lesions, as also with the duration of the circusmovement

in a former publication. ^) Then one is struck by the far longer

duration of the forced movements, after direct lesion of the vesti-

bulary nerve, i.e. in the cases with anatomically certified degene-

ration as above was alluded to. Practically in cats only after direct

lesion of the vestibulary nerve during weeks rolling movement can

be found; after lesion of the vestibulary nuclei, and a fortiori of

the ascending systems only the formerly described minor conditions

of the forced mo.vements can be found. •

If we study up this first group, at once we are struck with the

fact, that without exception the rolling movement is performed, in

the same direction i.e. in such a way, that the locomotion always

1) (In this paper, a translation of the one that was con:municated April 25, 1913,

ihe author has introduced considerable additions and alterations).

2) Journal of Pliysiology XXXI, 1904 p. 204—221.

^) The posterior longitudinal fascicle and the circusmovement. These Procee-

ding 26 Oct. 1912, and Neuraxe 1913, p 727.
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takes place, to tlie side of the lesion. ^) Usually shortly after the

operation r- rotatiori of Ihe eyeballs aroiind their anteroposterior axis

in the same direction is present and also «nystagmiform movements

of the eyeballs, slow in the sense of the rotations and rapidly back

to tlie normal position (loc. cit.)-

In the latter stages the only sj'mpton I'ecalling- the movements is

a tendency to lie down on the operated side, or even a slighter

resistance, if one tries to push the animal on that flaidv.

All this is in accordance with the older experiments of Floukens,

ScHiFF and Cyon and the more recent ones of Ewald, Winkler,

Bartels etc. abont lesions of the semicircular apparatus and section

of the N. acnstico-vestibularis.

As soon as the rolling movements are completely compensated,

it is easy by blindfolding the animal, by causing an emotion or by

the dropping experiment of M ; rey (the noi-mal animal lift up by its

feet and dropped unvariably comes down on its feet) to bring about

again the original rotation . Also in epileptic fits the rotation may
reappear. It is peculiar that in ether-narcosis sometimes a rotation

in the inverse sense was noted. -)

All this being the rule for experimental animals, whether it be

exclusively the vestibulary root, or also the acoustic nerv^e, the

tuberculum acusticum, the corpus restiforme and the crus medium
cerebelli, are simultaneously hurt, for the anatomical connections of

the N. Vestibularis those individuals especially have value, whereby
— more or less by accident — exclusively the vestibulary root was
partly or totally degenerated.

Here I must mention rabbit V, where the pars petrosa cerebelli

was extirpated and as an exclusive associated lesion the N. Vesti-

bularis happened to be hurt. Here we could follow up the degene-

rated nerve-sheaths pre-eminently to three celgroups : to the trian-

gular part of the Deiters Nucleus and its descending Ramus, to the

3) The direction of the locomotion associated with the forced movements, is

judged by the original position of the animal itself. As also this does not preclude

the mixing up of these conditions (eg. a sick person, lying in bed on the back-

side, presents negative geotropy, compared with all other mammals), the primary

position of the animal is always reduced to that of the simplest vertebrate with

the simplest forced movements, viz. of tishes. This detail will prove of importance

as soon as we proceed from the analysis of the forced movements towards

that of the various pathological conditions of the ocular movements and towards

that of the various pathological conditions of the ocular movements, conjugated

deviations and other neurological syndrom.s.

2) Compare PasiioN Russell, Phil. Transaction CL XXXV, p. 837, 1804 and

RoTiiFiLD Pflüger's Arcliiv. Vol. 49, p. 440 li>i2.

22*
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medio-dorsal group and to Ihe region of the Nucleus Bechterew

and the Nucleus Tecti.

In none of tlie animals of this first group degeneration was found,

i:/V^ '

either ascending or descending, into (he area of the P. L. B. (Poste-

rior Longitudinal Bundle) its hilcral uiug, tlie so-called F. D. A.

(Fascicuhis Deiters Ascendeus).
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In the second group we bring the cases, where there was

possibly some lesion of the N. vestibularis, recognisable by a less

compact degeneration in that nerve and certainly not caused by a

direct lesion, but by an indirect one as shifting of the cranial contents,

vicinity of an malacial hearth and also by retrograde degeneration.

In this it strikes us, that the N. Vestibularis appears not only to

be exposed to an associate lesion after an operation in the posterior

cerebral cavity, but that also the \'ulnerability of this cerebral nerve

is observed after lesions of some distant structure.

We have to stand still with the three cases (107, '108, 109) where

the region of the posterior commissure was wounded.

In these cases the forced movements cannot be considered as

having the same origin. In cat 108 the dependence of the rolling

and circus movement to the left on the degeneration found in the

vestibulary nerve is most conspicuous, because in this case no degene-

ration in the secondary vestibulary system was found. On the other

hand we find in 107 a slight, even doubtful, degeneration in the

L. vestibulary nerve, which cannot be considered responsible for the

long lasting circus movement to the R. nor for the long lasting

rolling movement to the h. As we saw in a former publication ^)

the descending degeneration of the most medial segment of the

P, L. B. on the operated side is most common'') in animals, where

a lesion of the region of the posterior commissure was performed

and circus movement ensued to the operated side.

5'or some time I considered the rolling movements to the L. dependent

on the centrifugal degeneration of the bundle, lateral to the P. L. B.

(Probst)^) particularly because also one of Karplus and Economo's^)

animals had shown after a similar lesion rolling movement (and the

position in that sense) to the normal side; equally in this animal

this bundle was found degenerated.

Later experience however leads me lo doubt whether this bundle

has anything to do with the forced movements. Also regarding the

bundle that degenerates within the area of the P. L. B. from the

interstitial nucleus far down the spinal cord (interstitio-spinal bundle)

I am not in the position to deny nor to affirm its relation to the

vestibulary system, and physiologically spoken to the forced mo\e-

ments. The fact, that in 2 cats (107 and 108), which performed

1) Gomp. Transactions Royal Dutch Academy 26 Oct. 1912 p. 727.

') Compare Boyce. Neurologisches Genlralblatt. 1894. p. 467.

^) Jahrbücher fur Psysichiatrie und Neurologie 1903. Vol. 23. p. 1 7 and Deutsche

Zeitschr. L Nervenheilk. 190Ü. Vol. 17. p. 156.

^j Archiv fur Psychiali-ie Vol. 46 page 393.
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(hiring- the loiigeyl period rolling movements, tends to throw some

doubt on the interpretation, presented above, viz. that the second-

ary lesioJi of the vestiDularj roots might alone be responsible for

these disturbances. It suggests the possibility, that this interstitio-

spiral bundle, descending low down the coi'd, might represent the

elferent tract for the rolling movement, as we saw the commissnro-

medullarj bundle did for the circusmovements. The vulnerability of

the vestibulary nerve to distant lesions renders the analysis, of this

sort of functional disturbances viz. rolling in their relation to the

anatomical findings extremely delicate. Not only in lesions of, the

Mesencephalon and of the Cerebellum but also after a lesion caudal

to the exit of the 8"^'' nerve (as in cat J 45) this nerve root may be

indirectly hurt.

These indirect lesions (by shifting of the cranial contents etc.)

produce functional disturbances of the same order as those observed

after direct lesion of that nerve. This is proved by the fact that

practicaly only rolling niovements ensue, which take place towards

the side on which the black particles are found, particularly in the

fan-like part of the intra-medullary course of the vestibulary nerve,

after having passed the narrow passage between the corpus restiforme

and the descending 5^^^ Nucleus. It is remarkable that in all cases

the indirect vestibulary lesion was found on the contra-lateral side

of the primary lesion.

The duration of the forced movements after indirect vestibulary

lesion, is naturally far less than after a primary lesion ^).

Finally it is interesting to know that in my lesions of the region

of the posterior commissure only in 109 some slight degeneration in

the lateral part of the Fasciculus DeUers Ascendens (Lkwandowski,

Winkler) was found. I think it allowed to infer from this fact that

solely in this case also Deiters Nucleus had undergone some secondary

changes, of which some black particles in that structure give evidence.

I also think we may infer that the vestibulary nerve itself is

far more vulnerable, than its nuclei and ascending connections,

independent of the fact, that -— as I have proved — {he forced

mo\'ements (rolling) observed after direct vestibulary lesion are of a

far more vehement character than after a lesion of its secondary

connections.

1) It is probable, that in human pathology a good part of the most common
symptoms of increased cerebral pressure (dizziness), reflectory disturbances of the

oculai' movements, falling sidewards) will prove to be the result of a similar

indirect vestibulary lesion, this nerve being after these experimental results far

more vulnerable than its secondary iutra-cerebral connections.
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Rabbit I in group 2 of' van Valkenburg is iiüeresliiig. Tiie bmin was

staijied after Weigekt-Pal. Besides the atrophy of Gudden's nucleus, on

the side of tiie lesion, described some lime ago, in a reconsideration of

the series of slides this author and myself could convince us of a

decided diminution in size of the same sided P. L. B.-formation, in

the pontine and medullary region. This case, therefore seen the

decided tendency to roll to the right side, as noted down by Dr. van

Valkenburg, comes in the line, I think, of experiments 107 and i 08,

in suggesting the possibility, that the tr. interstitio-spinalis might

represent the descending limb of the reflex-mechanism, dealing with

the rolling to the intact side ; in the same way as, after my former

communication (October 1912) the commissuro-medullary bundle

represents the descending limb of the reflex-mechanism, controlling

the circus movement to the side of the lesion.

Next follow in my table three cases, where the region of Deiters

Nucleus was wounded and at the same time the vestibulary radiation

on one or on both sides was not found free from degeneration ^). The

rolling movements, observed in these cases (in its rudimentary

manifestations lying on one side, falling to one side, rotation of

the head around the neck to one side) agree with those observed

after lesion of the vestibnlary nerve.

As in these cases we have to deal with a gross lesion of the

nuclei, the secondary ascending DErrERs-connections are not found

free from degeneration. Again, for the anatomical-physiological ajialysis

these cases are of little use, as such complicate lesions do not allow

of any safe conclusion.

After my former communication about the circusmovement, which

disturbance in its pure form was never observed by me as a result

of direct lesion, we cannot but ascribe the circus movement to the

right side in J 13 and 118 to the lesion of Dejters Nucleus on the

right side and the degeneration in the crossed ascending P.L.B.-

Bundle.

Complicated lesions we find also in group 3. It cannot be said

that in any animal one cellgroup only, of Deiters Complex was

hurt. Solely in VIII and 99 we find a lesion limited to the Ramus
Descendens of the Vestibular Nucleus. Here it is remarkable, that

both animals, notwithstanding important differences in extension of

the lesion, yet have shown the same type of rolling movement, viz.

to the normal side. Here it must be recalled, that in none of my
experiments with direct or indirect lesion of the nerve itself this

1) This is the reason why il is not possible to attempt in this sort of experi-

ments the physiological analysis of the different parts of DEiiERS-Goraplex.
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rolling to (hat side was observed. Also it strikes us that in both

cases, no trace of degeneration in the P.L.B., and the F.D.A. was

found. Also in an other experiment the degeneration is found in the

Ramus descendens and also this animal made in the latter days of

its life rolling movements to the healthy side.

Also after sagittal lesions, immediately lateral to the P. L. B., I

observed a tendency to fall on the normal side. In this point case

146 and 158 complete each other very well. In 158 the extensive

sagittal lesion cuts otf the whole of the Deiters Complex from the

raphe; in 146 the smaller and more caudal sagittal lesion begins

exactly distally from tlie striae acusticae (Monakow). In both cases

during a longer (158) and shorter (146) period a tendency to fall

to the normal side was noted. Only in the proximal lesion we find

the degeneration in the medial part of the F. D. A. In 146 nor in

the Ramus descendens nor in the F. D. A. a sufficient degeneration

is found, to be held responsible for the "Slight tendency to fall to

the right side" as was noted some days after the operation. It may

be supposed, that the sagittal haemorrhage on the lateral side of the

P. L. B. by mechanical compression should have interfered with the

function of the Ramus descendens and the Nuc. Deiters, irritating

it, but not causing the dissolution of medullary sheaths. In the case

of 158 in accordance with the crossed ascending vestibulo-mesen-

cephalic bundle in the P. L. B. during 9 days circus movement to

the normal side was noted; in 146 only during a few days some

tendency to it. That the crossed ascending vestibulo-mesencephalic

bundle not exclusively must be limited to the areal of the P. L. B.

proper, we find confirmed not only in 158, but also in 113.

The cases, which we have combined in group IV, (direct lesion

of the P. L. B. system) can be divided after the physiological data

into 2 subgroups. The fii'st subgroup contains 7 animals, which during

several days performed rolling movements to the side of the lesion.

In all these animals the F.D.A. w^as either directly hurt by the

lesion or was found in a decided state of degeneration, viz. as a

result of lesion in the region immediately oral to (he DEiTERS-com-

plex. The black granules as a proof of an intense ascending dege-

neration (descending fibres are never found in the F.D.A.) we find

only in 92, 93 and N". 3 (Series of Besta) spread over the whole

area ; in the other cases exclusively the lateral half of the F.D.A.

is found degenerated, in 3 cases as a result of direct traumatical

destruction of that part. Very instructive is in this I'egard 150,

where exclusively the most lateral part of the F.D.A. was hurt

about the Corpora (juadrigemina posteriora, together with parts that
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liave certainly nothing to do with forced movements and secondary

vestibnlarj' connections. Very instructive is fui'thermore the comparison

of 90 and 92 ; in both cases both P.I .B. are cut through, but in

one case simultaneously the right F.D.A., in the other one the left

F.D.A. is severed. The rolling movements in ail these animals were

to the side of the F.D.A. that was degenerated, in toto or in the

lateral part.

All lesions in this undergroup, are found in the F.D.A. between

the proximal part of the DKiTERS-CompIex to the oral termination

of the F.D.A., lateral to the trochlear nucleus. A destruction of the

distal parts of DEiTERs-complex (95) causing no degeneration of this

area, I hold that the fibres of the F.D.A. arise in the medial and

proximal cellgroups of Deitkrs nucleus. Lewandowsky and C. Winkler

also indicate, that the Fasc. Deiters Ascendens exhausts itself in the

4'*' and 3^' nuclei.

For comparison also J 39 is placed in this series, because in this

animal, exclusively the left posterior longitudinal bundle was cut,

resulting in uncommonly long lasting circusmovement to the right

side (10 days). There was however no trace of rolling movements.

In the second undergroup (group IV) four animals are brought

together, in which rolling movements to the normal side were

observed after direct lesion of the F.D.A. Also in these animals it

could be practically excluded, that the N. vestibularis or its Nuclei

were hurt and could be held responsible for the forced movements,

observed during life. As in these animals (158, 91, 68, 221 and

also 5 (EcoNOMO and Karplus)) we find excluisively degeneration of

the medial part, of the F.D.A., I think we may infer that in this

part of the areal fibres are abundant, which represent the ascending

connections of the Ramus descendens Nuc. Vestibularis. It will be

recalled, that a lesion in this latter cellgroup causes equally rolling

movements to the normal side. It is interesting that in cat 68 a

maximal i-otation of the head tow^ards the normal side was observed,

being a result, I consider, of the haemori-hage, that was located in

the middle part of the F.D.A.

In a scheme I have tried to render conspicuous the results of

this investigation. If we compare these data of the physiological

analysis of the ascendent connections of DEiTERS-complex, with what

we know from Fi,ourens, Spamer, Cyon. Ewald, 'Baranyi, Camis and

others about the function of the semicircular canals, there can be hardly

any doubt, that for the rolling movements, we have to look to the

anterior vertical canal as its source of centripetal im])ulses. As we
have found two bundles in the F. D. A. of which a lesion causes
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either rolling to the affected or to the normal side, it seems not very

risky, to admit 2 connections from this canal to separate cellgroups

in DEiTRRS-complex. As Marchi-preparations do not allow a further

analysis of the nuclei, we can only suppose, that the Ramus des-

cendens Nnc. Vestibularis controls the rolling to the normal side, the

more proximal part of DEiTERS-complex the rolling to the affected side.

Equally for the circus-movement a similar arrangement can be

recognised. An important difference is only this detail, that one of

the two ascending connections of the cellgroup, that controls the

circus-movement to the affected side, crosses the raphe.

The whole of the posterior longitudinal bundle together with its

lateral wings (F. D. A.), we find thus composed by 2 descending

and four ascending systems of fibres. The two innermost bundles are

descending ones from the nuclei of the posterior commissure, the

medial one degenerating to the medulla, the lateral one to far down

the spinal cord. The first one (connnissuro-medullary bundle) is found

degenerated after the lesions in the region of the posterior commis-

sure, that had caused circus-movement to the affected side. The second

bundle (f. interstitio-spinalis) has probably nothing to do with the

forced movements.

The middle part of the entii'e P. L. B. system is composed of

two ascending bundles, originating in Deiter's complex. The inner-

most, more voluminous one, contains crossed fibres, F. vestibulor

mesencephalicus cruciatus, the lateral one homolateral fibres (F. Ves-

tibulo-mesencephalicus homolateral is).

After section (and ascending degeneration) by a lesion of the

Deiters' complex of either of these bundles circus-movements to

the normal side are performed.

The outmost part of the P. L. B.-system is composed of two

ascendent bundles either of them originating in the Detters' com-

plex and terminating in the teginentum little beyond the level of

the trochlear nucleus. The outmost of these two bundles (probably

from the proxinuxl parts of Deiters' complex) elicits by its ascending

degeneration roUing movements to the affected side (F. vestibulo-

tegmentalis lateralis), that of the innermost one (probably arising

from the Ramus descendens) rolling movements to the normal side

(F. vestibulo-tegmentalis medialis).

As far as I can judge, the relative situation of these bundles is

pretty constant, but the ascending fibres intermingle more than the

descending ones. Jsot rarely the bulky crossed vestibulo mesen-

cephalic bundle holds in the cross-section an area far beyond the

P. L. B. proper.
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If we compare from the pliysiological standpoint the duration

and the deg'ree of tlie circus- and rolling-movements after lesions

of the periplieral organ (semi-circular canals), the vestibnlar}- nerve,

of its nuclei and of the ascending connections, we are struck by

the difference in the results. Vehement forced movements and,

peculiarly enough only rolling movements to the affected side, are

exclusively found after lesion of tlie vestibulary nerve. Especiall}'

so in the lower vertebrates as the rabbit and cavia. A lesion of the

nuclei is followed by less vigorous forced movements, mostly of

mixed type, rolling-movements combined with circus-movements.

According to the nuclei involved, all combinations may occur,

together with the corresponding conjugated deviation of the eyeballs.

After a lesion of the ascending connections, it is due to the

anatomical arrangement, that circus-movements to one side and

rolling-movements to the other side combined, will prevail. Although

in a measure the degree and duration of the forced movements and

concomitant symptoms (falling aside, conjugated deviation), is depend-

ent on the quantity of the fibres degenerated, it appears, that the

compensation is arrived at the more early, the more central the

lesion is situated.

In so far the extraordinary sensitiveness of the vestibulary trunk

cannot cause astonishment, as from clinical experience there is

sufficient reason to expect an uncommon irritability of that nerve

(Hidzig's vertigo by galvanisation of the head, the frequency of

dizziness in cases of tumour cerebri not ( nly of the posterior fossa

cerebri but also far distant).

From my experiments T conclude, that the forced movements are

the result of an irritation, caused by the degeneration of the medul-

lary sheaths. If an haemorrhage occurs in the area of the P. L. B.

system, the forced movements show an uncommon vehement

character and last longer; but finally, after complete destruction of

the nerve fibres and after the process of compensation is set in

action, all traces of spontaneous forced movements disappeai' and can

only be elicited after certain measui-es (blindfolding, narcosis,

mutilation of the cerebral hemispheres).

Although the 2 types of forced movements, which until now

(viz. locomotion in the horizontal plane and in the plane vertical

to the long axis of the animal) show many points of comparison,

they cannot be looked upon as quite similarly arranged mechanisms.

Not only is there disagreement in anatomical arrangement of the

ascending bundles, but we also failed to find a distinct centrifugal

bundle in the P. L. B. system, whose descending degeneration causes
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rolling movement. It will he recalled, that for the forced movement

in the horizontal plane (circus-movement) the Commisaro-mednllary

bundle fills np that gap. In this bundle we can recognize Sherrington's

"final common path", by whatever reflex-arrangements the circus

movement (with the conjugated deviation of head and eyes) is provoked.

As a general result it may now be safely concluded, that my
supposition of 1902 ') proved right, that the P. L. B. system plays

an important role in the physiology of the forced movements, in the

horizontal plane (circus) and in the vertical plane, standing vertical

to the bodily axis (rolling). Long before this Bleuler, Duval and

Laborde, Caygal, Edinger Held, Boyce^) et al. had hinted to such a

relation; Bleuler had directly urged the need of experimental work

on the P. L. B., which as far as I am aware till now has been

neglected. Advancing knowledge of anatomical connections has, for

many years, made it probable, that ascending vestibnlary neura split

up in particular divisions of the Oculomotor Nuclei (Wallenberg =).

Descending fibres in the P. L. B. were demonstrated by van Gehuchten *)

Gee and Tooth ^j and Kohnstamm^) down to the lumbar region.

Probst, Spitzer, L. Kaplan and L. Finklenburg ') proved, that the

ascending fibres were of vestibnlary origin and thence declared their

function, to be of equilibratory character. Monakow, Ferrier and

Turner, Lloyd Thomas, Lewandowsky, Winkler and van Gehuchten

added materially to our knowledge of the anatomical analysis of

the P. L. B. formation. Probst discovered that from Bechterews nucleus

most ascending fibres are homolateral and Wallenberg succeeded

in showing in birds, that the innermost fibres in this structure are derived

from the contralateral vestibnlary nuclei. Yet, the physiological analysis

of this region made very little progress. As to the descending tracts

to Darkschewitch' ) BoYCE, Redlich ") we owe details about the grey

masses about the posterior commissure, but no special research was

reported about the accurate relation of these nuclei and the descend-

ing fibres in the P. L. B., as far as I am aware. It may be observed

that only recently Cayal's accurate description of this region in the

chicken and Fuse's detailed account, from Monakow's laboratory, on

the vestibnlary nuclei, as also Horsley and Clarke's researches have

cleared the road for the physiological analysis.

1) Transactions Royal Dutch Academy 1902.

2) Philosophical Transactions 1898. Vol. 186. P. 3^5.

^) Schmidt's Jalirbiichen. 1899.

*) Academie royale de Belgique. 1895.

») Brain. 1898.

Ö) Monatschrift f. Psychiatrie und Neurologie. 1900. Vol. Vlll.

7) Monatschrift f. Psych, u. Neur. 1900. \ ol. VIII. P. 210.

^) Pflügeh. Archiv. Vol. 36. P. 639.
'>) Monatschrift f. Psych, u. Neurol. 1899. Vol. V. P. 119.
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Now i( is interesting to note, tliat in tliis latter period fresli

additions to our knowledge of the physiological function of this

important structure (P. J^. B. formation) came from quite other (juarters,

viz. from clinical anatomy. As 1 wish to I'eserve a detailed

account of these data for another occasioJi, I will confine myself to

stating, that the wellknown symptom of conjugated deviation — being

a subphenomenon of the symptom of circus movement — appeared to

stand in a direct relation to a lesion of the P. L. B. in such a way
that destruction of the right P. L. B. caused conjugated deviation to

the left. As we saw in a former publication ^), hy purely physiolo-

logical and anatomical methods practically the same conclusion was

arrived at for circus-movement in the cat. It cannot be denied,

that both lines of thought complete each other very nicely. The old

law of Schiff-Probst ("A hemisection of the jions causes circus move-

ment to the normal side ; of the mesencephalon to the affected side")

had, so it appeared, to be read in this way: a section of aP.L. B.

results in circus movements to the non-sectioned side ; a lesion of the

posterior commissure results in circus-movements to the affected side".

The further physiological analysis of the lateral wings of the

P. L. B. formation . in cats, as we have attempted in this paper,

discloses at all events the important fact, that this part of that

structure holds fibres of equally vestibulary origin, but of different

function. The degeneration of these tracts brought about either by

direct lesion or by a lesion of its nutrient grey matter, results in

forced movements in another plane, viz. rolling-movements, and the

allied conjugated deviation, the Magenpie-Hertwig squint. Here the

relation between the ascending and descending tracts, controlling

these movements, became not ^o transparent, as was the case with

those controlling the circus-movement.

F'or the latter we found, that the gray matter near the posterior

commissure was at the same time the endstation of the ascending

tracts and the origin of the descending tract. For the rolling-move-

ments it was proved, that the ascending bundles terminate in the

tegmentum near the IV Nucleus, whereas we could only hesitatingly

indicate one or two paths, tiiat might be considered as the corre-

sponding efferent tract. In another publication I intend to deal with

those ascending vestibulary connections, whose lesion causes forced

movements in a third plane (the vertical plane, that coincides with

the long axis of the body) viz. staggering and culbutation. Proof

will be forthcoming, that they run iji entirely different structures

as those, dealt with in this and ihe former papers.

i) Transactions Royal Dutch Academy. 25 Oct. 191i2 and Neuraxe 1913.
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Physics. — "Tlie virial-coefficieiit B for norival butane." By Prof.

J. P. KuEMKN and S. W. Visser.

(Communicated in the meeting of September 27, 1913).

Determinations of the vapour density of normal- butane have

enabled iis to calculate the virial-coefiicient B in the empirical

equation of state as established by Kamerlingh Onnes '). In the

course of these calculations anomalies appeared which may be

explained by the presence of a small quantity of a lighter admix-

ture : a confirmation of this supposition was obtained by determi-

nations of the boiling point and from the critical temperature.

The vapour density was determined by weighing. For this purpose

a glass bulb of about .4 litre was used, provided with a stopcock

and ground joint by means of which it could be connected to a

butane-reservoii', a mercury |)ump, and an 0{)en mercury manometer.

The volume of the bulb was determined by weighing with air.

First the weight of the bulb was determined after having been

exhausted as completely as possible by the mercury pump. In all

the weighings a tarra-bulb of about the same external volume was

suspended from the other arm of the balance: the reading was

not taken until the equilibrium had become constant.

The pressure of the air and afterwards of butane was first of

all taken equal to the atmospheric pressure, the temperature being

that of the room. For I his purpose a tube some metres long with

a stopcock was attached to the filling-apparatus. The gas was

admitted to a pressure of about 1 m.m. above the atmospheric:

by opening the tap at the end of the long tube for a moment,

the excess pressure could be let off without appreciable change of

temperature and without fear of outside air penetrating into the

bulb. Immediately after closing the bulb the temperature and pres-

sure were read. The bulb was then weighed. In tilling the bulb

with butane vapour it was three times washed out w4th the vapour

and exhausted.

The barometric pressures were reduced to 0° and in the weights

at temperatures above O'' a correction was applied for the ex-

pansion of the glass.

In the same manlier a determination with butane was made at

0°, the bulb having been kept in ice for at least half an hour.

During the operation the butane reservoir was also placed in ice to

^) Leiden Gomm. Suppl. 23; § 36; p. 114, sqq.
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prevent distillation of li([uid into tlio bulb. After tlio weighing the

weight of the empty bulb was determined a second time as a test.

Subsequently deterniinations at room temperatui-e were made at

pressures of '/a ^^^^^ V4 ^^tm. The pressure was in this case read on

the mercury-gauge.

It appeared necessary to determine the contraction of the bulb

by the diminution of the internal pressure. For this purpose the

weight of air contained in the bulb at a pressure of Vn of an atm.

was measured.

Finally two weighings were made with butane-vapour at 0° and

at V» •'^'id -/s of an atm.

Measurements ^).

Empty bulb. The tarra-bulb -\- 8 grammes made equilibrium with

the empty bulb -\- .84036 grms. A later weighing gave .84033, a

third .84036. The mean of these is .84035. This weight is in

error by an amount n:\ owing to the change of the external volume

by exhaustion.

Bnlb inith dri/ air. At 18°.58 and 76.738 cms. the weight of the

air was found to be .47370 gruis ; a second weighing gave

.47735 grms. at 16°.88 and 76.805 cms. For the weight at 0° and

76 cms. they give .5009 grms and .5014 grms. the mean of which

is .5012 grms. This figure has to be increased by the amount x

mentioned above.

Bulb löitli dry air at loioer internal pre.'^snre. At a pressure of

26.816 cms and a temperature of 16°. 71 the air weighed .16596

grms. The weight of the air contained in the bulb at 0° and 76 cms

would have been .49899 grms. It is easily proved, that the error

of this figure owing to the change of external volume is approximately

equal to x. The ditference between .5010 and .49899 is therefore

independent of .r and represents the diminution of weight due to

the diminution of internal volume at the lower pressure : as the

diminution may be taken proportional to the change of pressure, it

follows that the diminution of weight for 1 atmosphere would be

.00333 grms. The external change of volume being approximately

equal to the internal change, this latter weight is equal to the

correction x. The weight at 0° and 1 atm. is thus .5012 -|- .0033 =
.5045 grms. From this weight the volume is found by dividing by

the normal density of air. The measured weights of butane have

1) Tlie calculations as given liere differ slightly from those in the Dutcii ediliun

owing to a correction which had been overlooked.
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also to be corrected by amounts proportional to a' and to the pres-

sure expressed as a fraction of 76 cms.

J3ul/) ivitJi butane vapour.

The following table gives the results of the 6 weighings.

I.

II.

III.

Temp. Pressure

16°.63

.00

21 .02

IV. 19 .94

V. .00

VI. .00

76.08 cm.

75.68

40.42

18.57

23.48

48.89

Weight.

0.98219 Gram

1.04400

0.50339

0.22935

0.31244

0.66184

Weight

corrected.

0.98513

1.04733

0.50469

0.23016

0.31347

0.66398

Volume.

390.1 ccm.

390.1

388.9

388.1

388.3

389.2

Empikicai, rkduckd equation of statk.

The equation of stale was taken in the form (Comm. Leiden,

Suppl. 23)

B C n E F
V V V V V

(1)

where p is the pressure in atmospheres at 45° latitude, v the volume

of 1 gramme expressed in the theoretical normal volume as unit
;

further :

A — RT; B = "^i C = d; etc.

Pk Pk'

^, (i, etc. represent the "reduced virial coefficients", quantities

which depend on T only and must be. equal for different substances,

except for small individual deviations.
^

D and the subsequent coefficients may be neglected for pressures

smaller than V?/^/--

By introducing p as the independent variable instead of v equation

(1) assumes the form:

pv = i27' 1 +
B C - B^ ,

(2)

The theoretical normal volume of pure butane is

22412:58.08 = 386.0

where 22412 is the normal volume of one gramme-molecule and

58.08 the molar weight of butane. When the constants were calcu-

lated on this basis, large deviations from the reduced equation of

slate were found. This finds a ready explanation in the fact, that
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the bnfane was not absolutely pure. It seemed therefore preferable

to treat the theoretical normal volume as an unknown quantity and

deduce it together with the other contants from the observations.

It was for' this purpose, that the above weighings at 0' at three

different pressures were made.

Substituting in [2) p^, v^ and p^, v^ respectively and dividing the

two resulting equations, we obtain the relation

p,v, B B-
\ f G\

]

In this equation we may take for v^ and v^ the volumes of

1 gramme in ccm. The term containing C is of minor importance:

C may therefore be calculated with sufficient accuracy from the

reduced coefficient ^, which is known from measurements on a

number of other substances.

From equation (3) was found 5 = — .0430.

In the same manner the second and sixth weighings gave

B ^ — .0431 ; as the mean was taken .0431

.

The theoretical normal volume of the butane used may now be

calculated from equation (2): it becomes 388.1.

The difterence of this figure from the value for pure butane

(386.0) gives an indication as to the amount of the impurity : it points

to the presence of a lighter admixture. The difference is .57o-

Using the normal volume found in this manner we may now

deduce the virial coefficients B in the measurements at other

peratures.
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owing to the mutual deviations of the various substances with regard

to the law of corresponding states. This is shown by the following

table containing various values of SB.

Reduced temperature .644.

mean reduced virial-coefficent ^ = — 1,12.

t ^

ammonia^) —12° 0. —1.22

methjl chloride ^) — 5 — 0.961

isopentane^) 23.7 —1.02

n. butane =*) 0.0 -1.04.

Test of the impurity. The theoretical normal volume found 388.1

leads to a molar weight of 57.77. If we assume the admixture to

be ethane^ its amount maj be calculated from the molar weights

of ethane (30.05) and butane (58.08) : the amount of ethane would

appear to be I'/o •

The above result respecting the nature of the admixture finds

confirmation in the boiling point of our butane. This point (—1°.0) "j

was derived from determinations of the vapour pressure in the

neighbourhood of 0°

:

temp.
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which means a further rise of the boiUng point: the final value

may be taken at — 0.6° C.

A further confirmation of the presence of an admixture like ethane

is afforded by the value of the critical temperature (150.8°). When
for the various saturated hydrocarbons a graphical curve is drawn

with the molar weights as abscissae and the corresponding critical

temperatures as ordinates, the value found for butane seems to be

a little too small. By representing the critical temperatures of ethane

(305°.3), pentane (470°.3), hexane (507°.9), heptane (539°.95) and

octane (569°.3) as an arithmetical series of the foui-th order, we
find for propane 370°. 25 instead of the experimental value 370°.

1

and for butane 424°. 94, i.e. l.°04 higher than what was obtained

b}^ us. This result also points to a deviation of the critical tempe-

rature owing to the presence of a more volatile admixture.

Physics. — ''Tlie viscosity of the vapour of norinal butane". By

J. P. KuENEN and S. W. Visser.

(Communicated in the meeting of September 27, 1913).

For the determination of the viscosity of butane vapour Rankine 's ^)

transpiration method was used ; a method which is very simple and

requires very little vapour, and in which the vapour comes into

contact with glass and mercury only.

The apparatus consists of a long 6^-tube placed vertically and

capable of being turned over on a horizontal axis. One arm of the

is capillary, the other one a wider tube. The vapour is forced

through the capillary by a falling drop of mercury in the wide tube.

When the drop has arrived at the bottom of the tube, the apparatus

is simply turned upside down, and the drop now drives the gas

through the capillary^ in the opposite direction. The time is measured

between the moments at which the mercury passes two marks on

the fall-tube. The whole tube is mounted in a glass jacket, where

the temperature is kept constant.

In order to be able to w ork with a long capillary \yithout making

the apparatus unwieldy by its length, a capillary is used which is

twice bent round : hereby it becomes alnu)st three times as long as

the wide tube.

1) A. 0. Rankine, Proc. Roy. Soc. London A 83, 265, olG; 1910.

23*
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The apparatus is provided at the top and the bottom with side-

tubes which serve for tiie purpose of cleaning and fdling and are

sealed off before the measurements. At both ends the tube has a

slight enlargement for collecting the mercury.

When the tube is used for relative measurements, (he formula to

be used is

ni '
'»i2 = ^1 • h

where i}^ and i]^ are the viscosities of both vapours, ^j and t^ their

times of flow.

A correction has to be applied for gliding by means of the relation

^ R

where G^ and G^ are the mean free paths of the two vapours and

R is the radius of the capillary. When — is known, a rough approxi-

G.
mation for — is sufficient.

G^

The kinetic theory gives ï^= 73 ^Z6^ P^ and p= 7^ (/ F% where f/

is the density, T the square root of the mean velocity square, p

the pressure. Eliminating V we iind ï^ = 1^7j^ö?6^ and therefore

G.

Critical velocity. Reynolds' criterion for liquids also holds for

gases '). For our viscosimeter, := 146 for air (admissible limit

is 2000) D was .0358 cm.; fZ=.001293; 7^:= .000181; the volume

2.246 ccm. ; the time of flow 57 seconds.

Correction for the capillary action of the mercury drop.

In consequence of the difference in curvature of the two surfaces

of the mercury drop, a correction has to be made in the pressure

which may be different for different gases and different temperatures.

This correction was determined by Rankine by measuring the time

of flow for se\'eral mercury drops of different length. The relation

between the mass in of the mercury and the time of fall t may be

represented by the equation

1) RucKES, Ann. Piiys. 25, p. 983, 1908.
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b
m = a '^

t

where a is the unknown eorrertion and b a constant, which is equal

to the product of the corrected mass and the time. From a series

of measurements with different m the constants a and b may be

calculated.

In order to avoid the use of different masses which involved

openino;, refilling and reclosing the tube, an attempt was made to

determine the correction in a different manner. By dividing a given

quantity of mercury into a train of drops which fall down together

the capillary action is multiplied ^). If the influence of each separate

drop is the same, the correction must be proportional to the number

of drops. Calling the number of drops x, Rankine's equation becomes

b
m znz xa A .

t

a and b may thus be calculated from several measurements with

different x, m being known. If ??i is taken as unknown, the ratios «/?«

and bim may be found. Calling these ratios a^ and b^ the equation

takes the form

1
a.x 4- 6, — = 1

t

b^ is thus the time for .v = i.e. the time corrected for the

influence of capillarity. According to this equation the graphical

1

relation between a; and - should be a straight line.

In the application of this method some unexpected difficulties made

their appearance.

To begin witli the constants a and b were derived from three

observations by Rankine's method.

Rankine's method m 1.86 1.31 1.01 grms

'
. t 57.1 84.5 114.2 seconds,

temp. 14.5°.

These results give

:

a = .160 6 = 97.10.

The observations with air were now repeated by the drop-method.

1) By providing the wide tube witli a small contraction on the inside of the

curve near one of the bulbs, it is easy to divide the mercury column into two

or more drops.
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Drop-method. 1*^ series, m 1.09.^12 3 4 5

t 102.7 119.7 143.3 174.3 216.9

temp. 15.5°.

These points do not lie exactly on a straight line. The deviation

is very small for the first three drops; the fourth point is too

high and the fifth deviates still more in the same direction. The

first two drops give

a = .135 i = 97.99.

' As this result does not agree with the former result as regards

n, a further investigation of the method was made with air after

the completion of the observations with butane. In this case three

quantities of mercury were taken, each of which was used in a

different number of drops.

The results were as follows -.

Drop-method 2"^^ series, a- 1 2 3

m 2.11 t 49.0 54.4 62.0 temp. 19.8.

ni 1.53 / 69.1 80.1 97.9 temp. 1-9.5.

m 1.06 i 103.6 129.9 temp. 19.5.

From this set the intluence of capillarity for one, two or three

drops may also be calculated by RA^•KI^E's method.

The first column gives a = .121 /; = 97.59 for one drop,

second „ „ a = .306 b = 98.31 for two drops,

third „ ,, a = .533 b = 97.97 for tiu-ee drops.

The capillary effect per drop thus becomes:

.121 .153 .178.

it seems therefore to become greater as the number of drops

increases.

The value of b is practically constant: the deviations are 0.47^

and remain below the eri-ors of observation.

In the calculation by the drop-method (combination of the results

in the same row) the third point appears to deviate downwards

this time.

The first row gives for .t=l and .i=2; a = .192 Z/=94.1 for m=1.1i

„second,, „ „ ^z = .185 6=93.1 „ 1.53

„ third ., „ „
.

a = .17d 6=91.6 „ 1.06.

The deviation from Rankine's method of calculation is also in

the opposite direction. The differences between the constants b are

again much smaller than those between the as.

The conflicting results of the two series of observations make it
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probable, that the differences between tlie two methods are acci-

dental, due to small differences in purity of the mercury and of

the walls of the tube. A further investig-ation is therefore desirable/

as the drop-method, if found trustworthy, is much preferable to the

method which depends on the use of different masses.

For high temperatures with air and for all temperatures with

butane the drop-method was the only one that could be used. Tt

appeared advisable to use the constants a and b as derived from

the first series of the above determinations, because in the measure-

ments at 100° and with butane the same quantity of mercury was used.

After the first series of determinations with air the time of fiow

for air in steam of boiling water was measured. In order to get an

even temperature it was found necessary to admit steam by means
of two flasks one at each end of the vapour jacket. A side-tube in

the middle allowed the steam to pass off. When the apparatus was
reversed the condensed water could flow out through the same tube.

As mentioned above the constants « and 6 were determined accord-

ing to the drop-method. As the results for air at ordinary tempera-

ture were found somewhat uncertain, the following results must also

be considered to be only approximately correct.

Observations at

100.1° m=1.09«12 3

t 121.9 139.4 161

The deviation for ,^• = 3 is upwards.

From ,^• = 1 and x = 1 follows

a =.122 6 = 118.1.

The constants a, .135 at 15°.5 and .122 at 100°, thus appear

to differ but little, compared to the differences between the obser-

vations with a different quantity of mercury.

We thus find

^100.1 118.1

\,.,
^^-^^

=r= 1.205.

Corrected for gliding 1.205.

Breitenbach') gives ^;,. = .0001807, Kankine'-') i^^^^. = .0001803;

Markowski =>) n^^. = .0002212 ; Schierloch ') %^^— .0002218.

1) Ann. Phys. 5, 166; 1901.

2) A. 0. Rankine I.e.

8) H. Markowski, Ann. Phys. (4) 14; 1904.

4) J. F. Schierloch, Diss. Halle 1908.



360

These values which have been selected IVom several which differ

considerably give;

!l^=1228. •

n 15.5

Determination of the Viscosity of butane vapour.

The viscosi meter was connected to the butane-reservoir, and two

or three times washed out wdtli the vapour. Finally it was filled

with vapour, while the reservoir was cooled to — 8° C. At the

temperature of the room the vapour is then so far removed from

saturation, that irregularities owing to condensation in the capillary

need not be feared.

Again the results may contain a small error owing to the uncer-

tainty of the drop-method used.

7)1 = 1 .09 grms.

2 3 4

52.5 59.3 68.9

a;
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Tlie clifFerenoes iii tlie two sets of measnremenls at rooni-lenipe-

ratiire also point to accidental changes of the capillary action,

possibly dne to the formation or disappearance of a layer of vaponr

on the wall of the tnbe.

The relative viscosity follows from the eqnation

where the indices 1 and 2 refer to butane and air of J5.°5 respec-

tively, while

l^' = :i^_ioi = .ooo5.
R .02

Tiiese equations give for the viscosity of butane vapour relatively

to that of air at 15.5°

at 14.7° ^ = .4661.

at 16.0° .4666.

at 100° .6059.

The viscosity of air at 15.°5 is given by Rankine equal to 0.0001803.

The viscosity of normal butane thus becomes

temp. 14.7 i] .00008404

16 08413

100.0 1092

Of the other saturated hydrocarbons the only ones that we found

mentioned are

methane temp. 0° .0001040 Graham ')

20° 1201

isopentane 100° 08851 Rappenecker ^)

212°.

5

1164

Sutherland's formula which gives a connection between the tem-

perature and the viscosity of the vapour is

ni = no -T^Tf-

For isopentane Rappenecker deduces from his observations C =: 500;

for normal butane we iind from the above data C = 349. Graha.ai's

data for methane give a negative C.

Isopentane at 100.0° C. corresponds with normal butane at 70.°0

(reduced temperature t =: .809). Sutherland's formula gives for the

1) Graham, Phil. Trans Lontl. Ill, p. 573; 1864.

^) Rappenecker, Zs. Ph. Gh. 72, 695; 1910.
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viscosity of butane at this temperature .0001005. In order to com-

pare tiie two results at t = .809 we have calculated for these

vapours the constant ?n^ ^^^^' ^k""''" pk'l^, which Kamerlingh Onnes ')

has given for liquids. For comparison we have added the values

calculated for methyl chloride, benzene and nitrous oxide, with data

taken from Landolt's Tables (4th edition).

t = .809



H63

Botany. — W. H. Arisz: ''Positive and negative phototrop}/ of
the apex and base in oat-seedlings {Avena sativa)." (Commu-

nicated by Prof. F. A. F. C. Wknt.)

(Communicated in the meeting of September 27, 1913).

(Preliminary communication).

Oltmanns^) has been able to show very convincingly that in the

sporangiophores of Flujcomyces a weak illumination produces posi-

tive curvatures and a strong illumination negative ones. Blaauw')
contirmed these results and determined the quantity of light-energy

necessary to produce these phenomena. In the case of Phanerogams
also in the' course of time negative curvatures have been seen, but

except in the case of some roots, the comnmnications are very

vague and doubtful. Oltmanns and before him N. J. C. Muller')

saw negative curvatures in seedlings of Lepidium sativum, while

Pringsheim^) saw faint inclinations of the apex in those of Avena.

Nevertheless very clear negative phototropic curvatures can easily

be obtained in seedlings of Avena sativa when they are illuminated

with only just that quantity of energy necessary to produce the pheno-

menon. I have endeavoured to show in an earlier paper *) that the

reaction which occurs after the application of a certain quantity of

light (this is true for 1—100 C. M. S. ") has a constant strength. The
reaction will increase in strength in proportion as the quantity of

energy, used for stimulation, is greater.

With a short duration of stimulus the stronger reaction after

more powerful stimuli is shown by the earlier occurrence of the

curvature : that is to say, the reaction-time ') is a function of the

1) Flora Bd. 83 1897.

2) Recueil d. Trav. Bot. Néerl. Vol. 5 1909.

3) Botanische Unters. 1872.

4) Gohn's Beitr. Bd. 9 1909.

5) Proceedings Roy. Acad. Sc. Amsterdam, March 1911.

^) The usual abbreviation for candle-metre seconds.

7) By reaction-time must here be understood the time which elapses from the

beginning of stimulation to the moment at which the curvature becomes macros-
copically visible.

The lengthening of the reaction-time after weaker stimuli, when the duration of

stimulus (0 is very short and constant (energy ^X^ not constant) is by no
means comparable to the lengthening of the reaction-time wliich Bach (Jahrb. f.

wiss. Bot. Bd. 44 1907) and Mrs Rutten-Pekelharing (Rec. Tr. Bot. Néerl.

Vol. 7 1910) found by stimulation with weak centrifugal forces during the pre-

sentation time (iX.t constant). Here the lengthening of the reaction-time is
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amount of Uglit-energy used as stiinulus. (Thus at 50 CM. S. tlie

reaction-time is 30 minutes, at 1 C. M, S. it is nearl}^ 2 hours.)

x^lIso the maximum curvature which is reached, is a function of

the quantity of light-energy used as stimulus.

The degree of curvature, which is reached after a certain time,

gives therefore (within these limits) a measure, by which conclusions

as to the magnitude of the stimulus may be drawn.

These experiments have been continued further with greater

amounts of light and have yielded the results that might have been

expected. The reaction, which follows on stimulation with a definite

amount of light-energy, is constant for that quantity of energy, only

when the stimulus is applied for a comparatively short time. If the

quantity of energy is applied for a longer time, then so-called tone-

phenomena occur, which I intend shortly to discuss in greater detail.

If the stimulus is more than 100 C. M. S. the degree of curvature

remains about the same. If however it is made considerably more,

as for example 1200 C. M. S. at 23° C, then the resulting curva-

ture is notably smaller ; this continues up to 6000 C. M. S. when

a new phenomenon api)ears, the negative curvature, which reaches

a maximum at about 18000 M. C. S. From the paper of van der

WoLK^) and the recent one of Wilschke^j it has been shown that

with these quantities of light positive curvatures from the base were

to be expected and since it further seemed desirable to exclude such

an intluence, light was prevented from reaching the base. To this

end there was placed round each seedling a black copper tube, which

entirely due to the longer presentation-time with weak centrifugal forces.

For this case Maillefer (Bull. Soc. Vaud. Vol. 48 1912) has mathematically

deduced the formula i {t—k) = constant (the reaction-time equals the presentation-

time + a constant value.) This agrees with Bach's table 34, not with Mrs. Rut-

ten—Pekelharing's table 27.

The lengthening of the reaction-time on stimulation during the whole reaction-

time is more complicated, because in that case neither the strength of the stimu-

lus (iXO> nor the duration (t) is constant. For this case Tröndle (Jahrb. f. Wiss.

Bd. 48 1910) has put forward the empirical formula i {i — k) = constant.

This formula is not supported by the tables which Tröndle adduces as proof.

Nor does Bach's table 33 according to Tröndle give true values, whilst Bach's

table 32 gives constant reaction-times for which t = k.

In Bach's tables 34 and Mrs Rutten—Pekelharing's table 27, as has

already been pointed out, stimulation was not continued during the whole

reaction-time.

1) Publications sur la Pbysiologie végétale, Nimègue 1912.

2) Sitzungsberichte K. Akad. Wien, Bd. 122, 1913.
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rested on the grouiid and wliicli could give no occasion for contact

curvatures, because it coidd at no point touch the coleoptile. The

phenomena, which are here discussed, are Iherelbie exclusively the

result of illuniinatiug the apical zone of 1- 2 mm. length.

The negative curvature can be observed very distinctly, but is

much more developed, when after illumination the plant is rotated

on a clinostat round a horizontal axis, so that no geotropic influence

can counteract the curvature. In the same way as formerly I now
also used an intermittent clinostat ') in which the positions of rest

were separated by J 80'^. In each of these positions the plant remained

for 2 minutes, so that there was enough time to trace the image of

the seedling projected on to transparent paper by means of a lens

and in this way to obtain a complete survey of the course of the

cnrvature. The drawings were of course made by red light.

Pi H H
I0.+5 II. 11.15 11.30 W.'fS \Z.- 12.15 12..30 1.4-5

Negative curvature of an Avena saliva seedling.

At 10.15 the apical zone of 2 mm. was illuminated from tlie right

with an intensity of 340 c. m. s. After stimulation on the intermittent

clinostat temp. 25°.

The strength of the curve which is now reached, is found to be

by no means inferior to that of a positive curvature, whilst, because

only the uppermost zone of the apex is illuminated, there is here

also a conduction of stimulus towards the basal zones.

Apart from the direction of the curvature a. negative curvature is

in no single respect distinguishable from a positive one.

Very remarkable and probably of some importance from a theoretical

standing-point are the complicated curvatures which occur with

illumination of about 9000 C. M. S. applied during 30 seconds.

In this case a positive curvature tirst takes place, later a negative

one is visible and this, although only a length of 1 mm. of the

apical zone, is illuminated. It is evident from this that positive and

negative curvatures are perceived and find expression independently

of one another.

') Prof. Moll in Groningen was so good as to allow me to make use for these

experiments in his laboratory of the clinostat of van Harreveld.
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10.5 10.20 IC-f-O 10.50 11.5 11.20 11.35 11.50 11.5 IZJZO i.iO 1.25 1 vO 1.55

Fig. 2

Course of the curvature of an Avena saliva seedling.

Illuminated from the left with an intensity of 34u G. M. S

at 9.30 during 30 sees. Only an apical zone less than

1 mm. illuminated. Up to 11.8 a positive curvature, which

afterwards passes into a strong negative one. After illu-

mination on an intermittent clinostat; temp. 25°.

If the stiiiiulus is more than 18000 C. M. S., the negative curvat are

then decreases again and generally no curvatures at all are observed.

The remarkable phenomenon takes place iiowever, that after the

very strong stimulus of 400.000 C. M. S. during 4 seconds, weak

positive curvatures are seen, which again disap[)ear under the strongest

illumination 1 have been able to apply, namely 1.600.000 C.M.S.

Following these observations of curvatures, which arise after

illumination of the apical zone, I am able to give here some results

with regard to the sensitiveness of the base.

Van der Wolk has stated that positive basal curvatures begin to

occur at 20000 C. M. S. and are strong at 60000 C. M. S. Von Guttenberg

and WiLscHKE have confirmed this. Van der Wolk and von Guttenberg

surrounded the apex with little caps of tin-foil. Wilschke thinks

this method is wrong and makes use of a very pretty arrangement,

by which the light falling through a slit illuminates a definite zone.

Nevertheless — and Wilschke himself shows this in his paper —
this method of using little caps is not as he thinks to be dismissed

as wholly useless, because the sensitiveness to contact-stimuli is

particularly slight with small caps. Wii.schke's method has the draw-

back that only Very little of the material can be used at a time, and

this is probably the reason why the phenomena,which will be described

here, have escaped his notice.

I therefore used in my experiments little caps of tin-foil, which

were so wide that they could be })laced over the coleoptiles without

friction. The little caps were completely light-tight and to make

this perfectly sure were surrounded above with sealing-wax : this

had at the same time the advantage of making them very easy to

handle. They were removed immediately after illumination.
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Nevertheless experiments were extremely difficuU, especially at

high temperatures, owing to nutation and contai't curvatures. It is

found absolutely necessary to use only those plants, which at the

beginning of the experiment stood couipletely upright. For this reason

about 80 7o to 90 "/„ of the cultivated material had to be unques-

tionably condemned.

It is now found that at 25° C, and it seems very desirable to

choose such a high temperature for these experiments, very slight

basal curvatures already occur at 100 C. M. S., when the upper

5 m.m. of the plant are covered with a cap. On api)lying more

energy these curvatures increase and are clearly visible, 2 hours,

after the beginning of the illumination with 300 to 1200 C. M. S.

They begin to be macroscopically visible after about half an hour.

If more light is applied in each case with very short duration

of stimulus then the results are very uncertain. Sometimes very

faint positive curvatures, at other times negative ones occur. The
variability of the phenomenon is however so great and the curvatures

are so complicated by the fact that sometimes tirst a positive and

then a negative curvature arises, that it has not been possible to tix

the amount of energy of which it can be said with certainty that

the effect is positive or negative. The complications are probably

due in great measure to the fact that the different portions of the

base are not all equally sensitive, and various effects are thus super-

imposed.

A further investigation with only a small zone illuminated might

be able to give an explanation of this. It is certain that with the

application of 30000 C. M. S. during a short period no strong

phototropic curvatures of the base occur. It need cause no surprise

that voN GuTTENBKRG, VAN DKR WoLK and WiLSCHKE all give these

values since they did not apply this amount of energy as I did in

a short period of time, but in much longer ones (von Guttenberg,

e. g. in an hour). Then the tone-phenomenon also occurs for the

base and a large amount of energy applied ovei- a considerable time

no longer yields a negative but a positive effect.

To gain an idea of the sensitiveness of the most basal zones, the

quantity of light was determined, which applied in a short time

so as to eliminate tone, produced positive curvatures when the

uppermost 12 mm. of the coleoptile had been covered with a cap.

This limit was found to lie at about 400 C. M. S. The curvatures at

500 C. M. S. were the strongest, at more than 800 C. M. S. they were

weaker, whilst from KJOO to 2400 C. M. S. even negative ones occurred.

If a comparison is now made of results which have been obtained
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by illumination of the apex and of the base, it is found that in

order to obtain a positive curvature of the apex a smaller amount

of light is sufficient than for one of the base. The negative influence

in the base and especially in the most basal zones is however visible

with smaller amounts of light.

It is most remarkable that also the negative geotropic curvature,

which JosT and R. Stoppel ^) found at high centrifugal forces were

strongest in the more basal zones. Whether this is due to the greater

rate of growth in the basal zones in comparison with the apex can

only be decided by future investigations.

The results described point to (he possibility of explaining the

aberrant results obtained by von Guttenberg and van dek Wolk.

Van der Wolk held that illumination of the base makes the apex

more sensitive to an illumination from the opposite side, whilst

VON Guttenberg observed a smaller reaction of the apex. I also

have been able to confirm von Guttenberg's result. He applied 40000

C. M. S. in one hour, obtained therefore a strong positive basal

curvature and then concludes from the decreased apical curvature

that there is a conduction of stimulus towards the apex. Unfor-

tunately it is impossible to repeat the experiments of van der Wolk,

because he did not state what quantity of energy he used for illu-

mination and in what time this was applied. If however this was

in a short time, (hen the assumption is obvious, that he was dealing

with a zone in which negative curvatures arose, which superimposed

on an apical curvature caused by illumination of the apex from the

other side, produced a stronger effect in this direction, thus giving

rise to the impression that the apex through the previous illumination

of the base had become more sensitive. Experiments carried out in

this direction have not led to a conclusive result, although a basal

illumination of the base with 20000 C. M. S. and an apical illumination

from the opposite side with 15 C M. S. indeed produce apical curva-

ture sooner and often rather more strongly than in plants without

basal illumination ^\ I have not obtained such striking results as

those described by van der Wolk, although the possibility is by no

means excluded that taking a somewhat different length of the

illuminated part and some other amount of energy, applied perhaps

during a longer time, the phenomenon may show itself more markedly.

Utrecht, Botanical Laboratory.

1) Zeitschr. f. Bot. Bd. 4 1913.

~) It 120000 G. M. S. in 60 sec. is applied to the base then the apical curvature

is uoliceably slighter, because in this case a positive basal curvature predominates.
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Chemistry. — "2.SA.Q-Tetramtro-pheni/hnethi/I- and ethylnitramine.''

By Prof. VAN Romburgh and l)i-. J. H. Schepers.

(Communicated in the meeting of September 27, 1913).

Many years ago appeared a communication^) from one of us

(v. R.) on tetranitroplienylmethylnitramine. Tiiis substance was the

first aromatic nitramine with four nitro-groups in the nucleus, three

of which were placed vicinally, causing- a peculiar mobility of one

of those groups. Thus it was shown that water, alcoliol and amines

readily react with it at the ordinai-y or at a slightly elevated tempera-

ture. As, since the publication of the above paper on this nitramine,

nothing more has been published about it, save an occasional

reference, it did not seem out of place to continue the research in

different directions.

In the first place attempts have been made to improve the method

of preparing the nitramine and w^e have been entirely successful by

taking advantage of the fact that the ^f/f^v/nitrophenylmetbylnitramine

is insoluble in concentrated sulphuric acid, whereas the ^rmitro-compound

is soluble therein. After a number of experiments, undertaken with

the object of finding the most favourable conditions for obtaining the

largest possible yield, we can recommend the following method.

10 grams of dimethylaniline are dissolved in 200 gi-ams of strong

sulphuric acid. When cold, a cooled mixture of 60 grams of sulphuric

and 12 grams of nitric acid (D 1.51) is added drop by drop with

vigorous stirring, the whole being cooled in ice and salt so as to

keep the temperature at — 2°. Particularly at first the temperature

rises strongly after each drop added. The liquid soon turns an orange-

like colour. After the first half of the acid has been added, the

remainder may be added more freely as there will be no further rise

in temperature. After standing for half an hour in the ice and salt

mixture, 100 c.c of nitric acid (D. 1.51) are added. The liquid is

then cooled for one day in ice or water and then left at rest for

some days at the ordinary temperature.

After one or two days the liquid is congealed to a thick mass of

crystals. A continuous evolution of carbon dioxide '') takes place, not

accompanied, however, by brown vapours, because the nitrous acid

formed combines with the sulphuric acid. After the lapse of a week

the crystals are collected, by filtering, on glass wool and washed

1) Rec. 8, 282 (1889).

-) It contains traces of carbon monoxide.

24

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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with strong sulphuric acid in ordei' lo i-emove tlie trinitrophenyl-

methyhiitrainine formed as a bye-product. The mother liquor was

poured into ice-water and yielded 2.4.6-trinitrophenylmethylnitramine.

The drained crystals of tetranitrophen^lmethylnitramine are washed

with gradually more diluted sulphuric acid and then with water

until the filtrate gives no reaction with barium chloride. This product,

having a melting point of 140°—145°, is pure enough for most

purposes, but it may be further purified by dissolving in nitric acid

(D 1.5) adding a little strong sulphuric acid, so as to protect the

nitro-group in position 3, heating on a water-bath to 70° and, when

cold, precipitating with strong sulphuric acid. After a day or two

the mass is collected on glass wool, washed with sulphuric acid and

treated further as described. The compound is now j)erfectly pure

and melts at 146—147°. The yield mounted to 18 grams.

From the mother liquor were obtained 6 grams of the trinitro-

compound. After being dissolved in nitric acid and heated to 70°,

the solution was allowed to cool and then poured into ice water.

The product then melted at 127°.

An experiment made with absolute nitric acid gave no higher

yield of the ^(^//'a-nitro-compound. Considering the conditions under

which we operated, sulphuric acid, which according to Rkverdin ')

can convert nitramines into nitrosamines will not be able to exert

an unfavourable influence.

Interaction of alcohoh on teAranitrophenylmethylnitramine.

The fact mentioned previously that tetranitrophenylmethylnitramine

is attacked by boiling methyl and ethyl alcohol and gives an odour

of nitrous ethers, invited a further research. In the fii'st place it

might be possible that in addition to nitrous esters nitrohydrocarbons

were formed and further it was thought desirable to extend the

reaction, besides to a few more primary, also to secondary and

tertiary a'cohols. As will appear soon, pro])yl alcohol, wobutyl alcohol

and fermentation arayl alcohol form esters, whereas allyl alcohol

benzyl alcohol, /.^opropyl alcohol and secondary butyl alcohol, also

tertiary amyl alcohol, even when dried with the utmost precautions,

do not give the esters, but only the trinitromethylnitraminophenol

itself, besides the nitrite corresponding with the alcohol, except in

the case of benzyl alcohol.

Methyl alcohol acts already at the ordinary temperature on the

nitramine. A gas is evolved that can he collected over a strong

ij Joiun. f. pracl. Ch. 81, 177 (1910); 83, IGi (1911); Diss. Liebl, Geneve 1913.
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solution of potassium hydroxide and meiy be readilj^ identified as

methyl nitrite. The presence of nitromethane cannot be demonstrated

amongst the reaction products.

In an experiment made with 1 gram of nitramine and 5 c.c. of

methyl alcohol 60.6 c.c. of methyl nitrite (reduced to 0° and 760 mm.)

were collected in 4 hours (Theory 67.5 cc).

The methyl ester of trinitromethylnitraminophenol formed in the

reaction has been described previously (I.e.).

Interaction of ethyl alcohol likewise gives ethyl nitrite without

formation of nitroethane. The ethyl ester of phenol has already been

described.

With dry propyl alcohol is formed the propyl ester, melting at

118°, also propyl nitrite boiling at 57°. Nitropropane is not formed.

Zwbutyl alcohol on heating with the nitramine (in the water-bath)

gives the isohwiy\ ester melting at 95° and /.wbutyl nitrite boiling

at 65°.

Fermentation amyl alcohol likewise yielded amyl nitrite and an

amyl ester melting at 83°. With this alcohol the mass was coloured

darker than with the other alcohols. It also appea»-ed that more free

tft'initromethylnitraminophenol had formed than is found in the case

of tiie other alcohols where it always occurs in small quantities.

Allyl alcohol, although dried with the greatest care, gave allyl

nitrite, but no weighable quantities of ester. Only free phenol was

formed.

Benzyl alcohol, which acted violently, gave products containing

benzaldehyde but no benzyl ester of the phenol, only the latter itself.

Secondary propyl alcohol and sec. butyl alcohol do not yield esters,

but the free rrinitromethylnitraminophenol is formed, also the nitrites

of those alcohols.

Tertiary amyl alcohol (amylene hydrate) reacts in an analogous

manner. There is formed in addition to some nitrite also amylene.

The main product of the reaction consists of phenol.

In all the above reactions the NOj-group of the nitramine is sub-

stituted in the position 3, either by the group OAlk, or by the group OH.

N^O. n'^^' xN^<^'
kjlIo v^ila Un,

NO, / \ NO, NO, / \ NO., NO., / ^ NO.,

\/ NO, "^ '\/ OAlk. ''• \/ OH
NO, NO, NO,

24^^
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Interaction of ammonia and amines.

As appears from the often-quoted paper, the intei-action of methyl-

amine. which is dependent on the conditions prevailing during the

experiment gives rise to different resuUs. Not merely one nitro-group

of the nucleus may be substituted, but in addition also the methyl-

nitraminogroup. It now seemed not without interest to repeat these

reactions not only with ammonia, brtt also with some other amines,

aliphatic as well as aromatic ones. Before stating the results obtained

it may be mentioned briefly what is already known as to the inter-

action of ammonia and amines on the alkylnitramino-group of aromatic

nitramines.

Picrylmethylnitramine, according to v. Romburgh and Maurenbrecher^)

reacts with ammonia, with aliphatic as well as with aromatic amines

— such as aniline, paratoluidine etc. — in such a manner that in

addition to picramide (substituted picramide respectively) methyl

nitramine is formed.

In an analogous manner, using paratoluidine, both methylnitra-

mino-groups in 2.4.6-trinitromelaphenylenedimethylnitramine become

substituted.

Sommer') allowed ammonia and different amines — aliphatic as

well as aromatic — to act on 2.3.()-trinitro 4 tolylmethylnitramine

which caused the nitro-group in the position 3 to be substituted.

Methylamine also reacted on the nitramino-group. With ammonia,

methyl- and dimethylamine it was necessary to work at 100° under

pressure as no reaction took place at the ordinary temperature.

When we allowed ammonia and different amines to react on the

tetranitrophenylmethylnitraraine we obtained reactions analogous to

the action of methylamine. Ammonia, however, reacted slower than

the amines.

An exception was noticed in the case of diz's'opropylamine, under

the influence of which tlie nitro-group in the position 3 is replaced

by OH. It then yields with the phenol the di/.s-opropylamine salt.

The aromatic amines, aniline and paratoluidine act on the mova-

ble nitro-group only, even in heating.

Piperidine also acted abnormally, the piperidine salt of tetranitro-

methylnitraminophenol was formed.

Highly peculiar was the interaction of pyridine and chinoline

which, although quite dry, gave salts of the trinitromethylnilramino-

phenol while simultaneously an evolution of gas (ook place.

1) Proc Roy. Akad. Amst. IX, 704 (1907).

J f. Pr. Ch. 67, 513 (1903).
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Interaction of aminonia. If gaseous ammonia is passed over the

nitramine phenomena of incandescence are noticed.

Aqueous ammonia (0.890—0.903) when acting for a short time

at a slightly elevated temperature gives 2.4.6-trinitroaminophenjl-

methylnitramine melting at 181°. 5. Hence, only one nitro-group in

the nucleus has been substituted.

On prolonged interaction (a few days) of a nearly saturated

ammonia solution the well-known 2.4.6 trinitro-m-phenylenediamine

is obtained.

Interaction of ethylamine. This amine behaves quite analogously

to methylamine, with which the reaction has been carried out

previously (loc. cit.). A 167„ solution of methylamine in water

(10 c.c.) gives with the nitramine ^2 grams) after half an hour a good

yield of 2.4.6-trinitroethylaminophenylmethylnitramine m.p. 131°. 5.

Heated for a short time with a 33% amine solution (12 c.c.)

and then left at rest for two days, the nitramine (2 grams) gives the

2.4.6-trinitrodiethylaminobenzene previously described by Blanksma ^).

Interaction of climethylaniine. If 3 grams of nitramine are dissolved

in 20 c.c. of a 257o dimethylamine solution the 2.4.6-trinitrodimethyl-

aminophenylmethylnitramine m.p. 177° is formed.

If the reaction mixture is heated for 3 hours at 60°—70° and

then left at rest for another 18 hours, the nitro-group in the nucleus

as well as the methylnitramino-group are replaced by the dimetliyl-

amino-group. The resulting 2.4.6-trinit)-oteti-amethyl-m.phenylenedia-

mine melts at 141°.

Interaction of diisopropylamine. We did not succeed in replacing

the movable nitrogroup by the diw^propylamino-group. A diw()pro-

pylamine salt of 2.4.6-trinitro-methylnitraminophenol m.p. 147°.5

was formed.

Interaction of aniline. A solution of the nitramine in benzene

gives with aniline a dark red substance melting at 114°, which
proved to be a compound of aniline with the yellow 2.4.6-trinitro-

3-phenylamino-phenylmethylnitramine which melts at 183°. We did

not succeed in substituting the methylnitramino-group also.

biteraction of p-toluidine causes the formation of the analogous

tolyl compound which is coloured red, melts at 141° and formed

no compound with p-toluidine.

Interaction of piperidine. This secondary amine behaves analogous

to diwopropylamine. The movable nitro-group is substituted by OH
and we obtain the pyridine salt of the phenol formed as a pale

1) Rec. 21, 325 (1902).
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yellow substance melliiig at 'J 72°. It is, liowever, remarkable that

this salt should form even when the piperidine used has been dried

for a long time over potassium hydroxyde and when the nitramine

is dissolved in toluene, which has been rendered quite anhydrous by

means of phosphorus pentoxyde. An evolution of' gas could not be

observed in the reaction, but an odour resembling that of nitroso-

piperidine was noticed.

Interaction of pyridine. In this reaction one of us fv. R.) had

obtained many years ago a compound melting at 145°, the analysis

of which gave results pointing to the formation of a pyridine salt

of trinitromethylnitraminophenol. On repeating the reaction under

very varying conditions and carefully excluding even traces of

moisture the same compound was always obtained (not always

especially pure, however). In this case, however, an evolution of

gas takes place. If, for instance, to 2 grams of nitramine dissolved

in 60 grams of absolutely dry toluene were added drop by drop

5 grams of dry pyridine and the whole heated at 100° 24.1 c.c. of

nitrogen and 43.3 c.c. of nitric oxyde (reduced to 0° and 760 mm.)

were collected. The course of the reaction has not as yet been

elucidated.

Interaction of chinoline. This takes place analogous to that of

pyridine. The chinoline salt of the phenol formed, exhibited no sharp

melting point (173° — 190°). Here also an evolution of gas takes

place. The gas evolved is a mixture of nitrogen and nitric oxide.

2.4.6. Trinitro-methylnitraminophenol.

x\s is well known, the nitramine passes on boiling with water

into this phenol with formation of Jiitrous acid. This conversion

proceeds very perceptibly even at the ordinary temperature. After

0.286 gram of nitramine had been shaken with 1080 grams of water

at 11° for 24 hours, 0.197 gram appeared to have been converted.

This phenol is a powerful acid as has been shown by the meas-

urements carried out by Mr. J. Smit in the van 't HoFF-Laboratory

where the velocity of decomposition of vliazoacetic ester') by means

of iV/„oo nitric acid was compared with that of a AVisoo solution

of trinitromethylnitraminophenol.

1) Bredig, Curlius-Festschrift 1907, 1.

B. 40, 4015 (1907).

W. Fraenkel, Z. f. Ph. Gh. 60, 202 (1907).

MuMM, Z. f. Ph. Gh. 62, 589 (1908).

Lacks, Z. f Ph. Gh. 73, 291 (1910).
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amine, on heating at 50''—60° in a sealed lube, yielded 2.4.6-trini(i-o-

1.3-di-elliylaminobenzol, ni.p. 142°.

On boiling with water is formed tlie 2.4.6-(rinitro-ethylnitramino-

phenol m.p. 105° described previously by Blanksma '). We tried to

substitute the alkylnitramino-group in this compound, and in the cor-

responding methyl derivative, by the ethyl-amino-group with the aid of

ethylamine. In this, however, we were till now not successful: the

OH-group appears to impede the substitution of the nitramino-group

in this case.

All the new compounds obtained and mentioned here have been

analysed and will be described more in detail in the Rec. des Trav.

Chim. des Pays-Bas.

Utrecht, Org. Chem. Lab. University.

Chemistry. ~ ''Contribution to the knowledcje of the amides." By

Prof. Franchimont.

(Communicated in the meeting of September i27, 1913).

Some years ago Dr. Moll van Chahante had already prepared a

substance which, on account of its mode of formation and the results

of the analysis, he pronounced to be the diamide of sulphonwobutyric

acid and which he has lately described under that name'). This sub-

stance which endures heating to a temperature over 300^ without

melting and which decomposes at d- 340^, does not i-eact with carbonyl-

chloride, not even at 300° and, as appeared afterwards, not even

with oxalylchloride. This strange behaviour, looking at the results

obtained by Bornwatek in the action of oxalylchloride on amides,

and also the fact that benzenesulphouamide does react with oxalyl-

chloride, although with formation of an oxalylderisative, induced

me to investigate the behaviour, in this respect, of the amides

of ^'t>butyric acid and ethanesulphonic acid which are more closely

connected with sulphon/^obutyric acid than the benzenesulpho-

namide.

On adding wobiityramide to oxalylchloride in benzene a strong

evolution of heat took place immediately and a stream of hydrogen

chloride was evolved while a solid substance was being deposited.

After warming for a few hours, the evolution of gas ceased and

everything had again dissolved. The following day, after cooling, a

1) Rec. 21, 260 (1902).

2) Rec. d. tr. ch. d. P. B. T. XXXII. p. 90.
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very little had crystallized out and a fiirtlier tritling quantity was
recovered by distilling off the benzene. The distillate had a strong

odour of wobutyrk nitrile and evolved much ammonia when boiled

with potassiumhydroxide ; it did not contain any previously. Boiling

with strong hydrochloric acid first and then with potassiumhydroxide

also yielded ammonia which likewise points to the presence of the

said nitrile. The solid product was but little soluble in cold water

or ether ; after being extracted with both it was recrystallized a few
times from alcohol and then melted at 160°. When heated with

aqueous potassium hydroxide it gave oxalic acid. On analysis were

obtained figures corresponding with those required by oxalyllmiso-

CO-NH-CO-C,H.

I

butyrylamideCO-^R-CO-^ja^. Hence there was obtained, not as was
expected from the results obtained by Bornwater with other amides,

a carbonyl, but an oxalyl derivative, whilst the greater part of the

amide had been converted into nitrile. Hence, the oxalylchloride

had acted to a large extent as other acid chlorides and anhydrides

do sometimes, namely caused formation of water. Perhaps this

happens also with other amides and to this might be attributed the

frequent bad yield. Why no carbonylderivative but an oxalyl

derivative has formed here remains for the moment obscure.

As isobutyrylmetkylamide CaH^-CO-NH-CHj was not known, I have

prepared this also and I found again confirmed the regularity, to

which I have pointed previously ^), that inethylamides have a lower

melting point tlian the amides. It was prepared from /^'obutyryl

chloride and methjlamine in ethereal solution at a low temperature

and distilled under a diminished pressure. At 17 in.m. it passed

over constantly at 110° as a colourless liquid. On cooling it ciystal-

lized and again melted at fully 20°. The analysis showed its purity.

In supermelted condition at 16° the sp. gr. was 0,9089.

The efhanesulphonamide, obtained by James from the chloride

with ammonia in ether, was prepared by me in the same manner; only

the melting point 1 found a little higher (60°) and not 58°. From
benzene in which it is little soluble it crystallizes in long delicate

needles, from ether, in which it is more soluble, in thick prisms,

likewise from acetic ether and acetone in which it is freely soluble.

Boiled for seven hours with oxalylchloride in benzene it deposited

a solid substance, whilst in the benzene was dissolved but little of

a brown syrupy mass, which was left on distillation. It may be

recrystallized both from water and alcohol, although it is decom-

i) Rec. d. tr. ch. d. P. B. T. XVI. p. 12S.
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posed oil boiling witii water. It melts at 224°; its solutions have

an acid reaction. The analysis gave figures agreeing with those required

CO-NH-SO,-C,H,

by omïyïbiethanesuïphonamide CO-NH-SO^-C.H^. On boiling with

water oxalic acid may be already detected therein.

Hence, ethanesulfonamide like benzenesulphonamide yields with

oxalylchloride an oxalylderivative.

1 now prepared ethanesulphonmethylamide, obtained already in

1886 by me and Ki.obbie from the chloride with methylamine in

ether, from the chloride by means of an aqueous 33 7o solution of

methylamine; the chloride was diluted with ether. After being dried

it was distilled under diminished pressure. On strong undercooling

by liquid air it crystallized and even remained solid above 0°; the

melting point which was not yet determined accurately, lies presum-

ably between 3° and 7°. Hence, it melts again lower than the

ethylsulfonamide, in harmonj^ with the above-mentioned regularity.

Boiled with oxalylchloride in benzene an evolution of hydrogen

chloride only started on warming and had not yet ceased after

10 hours boiling. The benzene was now distilled off when the residue

became crystalline. It was washed with water and with ether in

which, as in alcohol, it is but little soluble and after careful drying

crystallized from boiling benzene, when it forms beautiful thick crystals

which melt at 144°. In chloroform it is also freely soluble. It is not

decomposed on boiling with water but when boiled with aqueous

potassium hydroxide it yields oxalic acid. The analysis gave figures

required for oxalylbisethanesulphonmethylamide CO—N(CHg)— SOj . C^Hj,

CO—N(CH,)—SO,.C,H,
A nitroderivative from ethanesulphonmethylamide had been obtained

previously by me and Klobbie by the action of absolute nitric acid,

but neither the ethanesulphonamide nor the z>obutyrylamide had as

yet been treated with nitric acid. 1 have now supplemented this void

and also treated the sulphon-wobutyricdiamide of Moll van Charante

in the same manner.

The /.^obutyrylamide placed in cooled absolute nitric acid yields,

when the solution attains the ordinary temperature, slowly and in

theoretical quantity nitrous oxide like all simple amides.

Ethanesulphonamide when placed in absolute nitric acid causes a

sudden and rapid (explosive like) evolution of gas; on cooling to

—18° the evolution is quiet but yet it ceases within an hour. The

gas is nitrous oxide.
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Benzenesulphonani'de when cooled in ice and salt gives with

absohite nitric acid but little gas but this increases on elevation of

temperature.

The sulphonw'obutyric diamide of Moll van Charante dissolves

slowly in absolute nitric acid without evolution of gas even after

two days and is reprecipitated unchanged by addition of water

particularly on neutralising the acid.

Hence also in regard to absolute nitric acid this substance behaves

quite differently than was to be expected from the diamide.

Finally, it may be mentioned here that just as Hinsberg prepared

benzenesulphonnitramide from benzenesulphamide by means of nitric

and sulphuric acid at low temperatures, ethylsulphonnitramide is to

be obtained also from ethanesulphonamide in this manner, though

with a poor yield, as a substance crystallizing beautifully from

benzene in v^^hich it is fairly soluble and melting at ± 70°.

Chemistry. — "The distribution of a colloidally dissolved substance

over two layers'. By Prof. W. Reinders. (Communicated by

Prof. Schreinemakers).

(Communicated in the meeting of September 27, 1913).

J. When three non-miscible liquids meet, three things may
happen depending on the values of the contact surface tensions

^i,2, ^>2,3 and Ö3 1, apart from the action of the gravitation ; either the

three phases meet in one common side or one of them expands

between the other two and prevents these from coming into contact.

The first will happen if none of the three contact surface tensions

is greater than the sum of the other two ; the second if this should

be the case. If, for instance (Ji_2 >> 09^3 -f- 03,1, 3 will expand between

1 and 2 ^).

2. If one of the phases (3 for instance) is solid and the other

tw^o liquid we can again distinguish the same two cases with this

difference, however, that when Oi^, ]> 02,3 + ^3,1, the expansion of

3 between 1 and 2 is not possible. Phase 3 will then arrive at the

contact surface of i and 2.

Let us now suppose the phase 3 to be

in the form of a small globule. There

will then be an equilibrium if 0^1 3 =1023
-|- öx^'i, cos a. If <ji_3 > ^2,3, cos a will be

positive and « <^ 90°. The greater part

1} Quincke. Consult the test-books, for instance Bosscha-Kuenen II, 658.
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of 3 is then enveloped by (he liquid 2. If o\,3<^ó-j,3, ('Os a will be

negative, hence, a > 90° and the greater jjart of 3 is drawn into

the liquid 1.

3. If now the phase 3 is suspended in the liquid 1 in the form

of a tine powder and this suspensio'n shaken with the liquid 2, three

things may occur.

a. If <J2 3 > <5i,2 + ^51,3, 3 will be completely enveloped by 1 and

thus the suspension remains unchanged in 1.

b. If ÖI 3 > ^1,2 + ^!,3, the stable condition will be such that 3

is completely enveloped by 2. The suspension will then disappear

from 2 and pass entirely into the liquid 2.

c. If <J!,2 ^ ^2.3 + <^3,i. or none of the three contact surface

tensions greater than the sum of the other two, the powder is

deposited entirely on the surface of contact ').

4. Let us now apply these considerations to colloidal solutions,

which according to modern views may be looked upon as transition

stages between suspensions, or emulsions, and true solutions.

Let us first consider a suspensoid in which solid, floating particles

are supposed to be present.

If these particles are fairly large and practically of uniform

dimension we may assume that tiie surface tension in regard to the

surrounding medium will be but Utile dependent on this dimension

and therefore, the same for all particles. The same three possibilities

which could be distinguished in the case of the coarse suspensions

will consequently apply here also. The colloidal substance remains

entirely in the first medium, passes entirely into the second or is

deposited quantitatively at the surface of contact, in the first case

the division coefficient= 0, in the second case it becomes go.

If the size of the particles becomes smaller, the resultant of the

molecular attractions which appears as surface tension will be very

much dependent on the number of molecules which together form

the particle. Hence, the behaviour in regard to a second liquid phase

will become dependent on this size. For instance, it will then be

possible for particles below a certain size, to pass into the second

liquid, for particles of greater dimension to arrive at the contact

surface or to remain in the first liquid. According to the degree of

1) histances of these different cases, a principle of separation for a mixture of

solid, insoluble substances which is based on the different behaviour in regard to

a liquidum couple, and the practical application thereof, are cited in a publication

in the Chemisch Weekblad. Vol 10, 700 (1913). Also compare J. B. Hofmann,

Zeitschr. f. physik. Chem. 83, 385 (1913).
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dispersion, colloidal solutions of a same snbstance will behave in a

different manner.

If finally the colloidal particles exist of a few molecnles only the

idea of snrface and surface tension loses its sio-nificance. The solution

is then an ordinary molecular one and the dissolved substance will

distribute itself over both liquids according to the "dividing rule".

Other factors than surface tension, tlien dominate the distribution

over the two phases.

5. Some complications may still occur owing to the fact that the

particles deposited at the surface of contact do not keep apart but

unite to larger coagulums. This may happen very readil}^ with very

instable solutions.

In the case of emulsoids or solutions in which floating droplels

of liquid must be assumed, these, if deposited at the contact surface

may unite to form a separate liquid layer when öj^o <C ^2,3 + «>3,i-

If however the separation has taken place at the contact surface,

because none of the three surface tensions w^as greater than the sum

of the other two, the expansion of liquid 3 between 1 and 2

becomes impossible and the isolated droplets of 3 will unite with

greater difficulty.

6. In order to prove these considerations experimentally, I have

investigated the behaviour of a few different colloidal solutions

towards a second liquid. A few provisional results are communicated

here.

In the first place, colloidal gold.

A red gold solution was obtained by passing CO into a dilute

solution of AuCls. If into this solution was dropped cautiously

i^obutylalcohol or an aqueous solution of the same, the colloidal

solution remained unchanged. Not a trace of coagulation which

would show itself by a change of colour to bluish-violet \Ya,s obser-

ved. Hence in homogeneous solution /^-fbutylalcohol has no influence

on the stability of the colloidal gold solution.

As soon, however, as the limit of solubility of the isobutylalcohol

had been exceeded and this begun to form a separate layer, the

gold, on shaking, gradually disappeared from the water and collected

at the surface of contact. This then assumes a splendid colour,

blue in transmitted, and a golden lustre in incident light ^).

1) As the alcohol layer does not moisten the glass owing to a thin layer of

water collecting between the alcohol and the glass, the whole of the alcohol

phase (upper layer; is surrounded at the nether side and the glass walls by a

water-alcohol demarcation in which the gold is distributed very homogeneously.

At first we thus gel the impression that the alcoholphase itself was coloured, ff,
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7 Similar to isobiitylaleohol is the behaviour of various other

solvents such as amylalcohol, l)enzene, lightpetroleum, carbon tetra-

chloride, carbon disulphide and ether ^).

8. Goldsolutions prepared in another way (for instance by electric

dispersion of gold wire, or by reduction of AuCP with a solution

of phosphorus in ether) and having a red or reddish-violet colour

behaved in the same manner; the gold was deposited with a blue

colour at the surface of contact. ^Somewhat different was the

behaviour of a brownish coloured solution recently prepared from

AuCP and solution of phosphorus in ether, for this was quite

indifferent to ether and no gold was deposited at the contact surface.

9. In order to attain the equilibrium from the other side also,

it was endeavoured to prepare a colloidal solution of gold in

another dispersion medium. This succeeded in butyl or amylalcohol

and in ether, both by electric dispersion of gold wire at a low tem-

perature and by reduction of AuClg in these solvents by a solution

of phosphorus in the same medium. By electric dispersion could also

be obtained reddish solutions; those prepared by reduction with

phosphorus had a yellowish-brown colour.

On shaking with water the gold in the first solutions passed into

the surface of contact. The yellowish-brown amylalcohol solution

was quite unaffected by shaking with water; not a trace of gold

found its way into the water or collected at the surface of contact.

This solution was also very stable in otlier respects and could be

boiled without undergoing any change.

It thus appeal's that the gold of the yellowish-brown amylalcohol

solutions is stable with regard to the aqueous phase. On the other hand,

the gold from the red and reddish- violet solutions is stable in the contact

layer. When, as is very probable in the case of colloidal silver, the

differences in colour must be attributed to a difference in the size

of the gold particles present we should have here a case of the

possibility suggested in 4.

The yellowish-brown solution of gold in ether is very unstable.

however, the lube containing the liquids is placed in an inclined position the gold

will somewhat lag behind the liquid and it appears that the phase is colourless.

2) Carbon disulphide in presence of water forms the bottom layer; this is

entirely surrounded by a splendid blue coloured golden skin, which has collected

at the place of contact of the carbon disulphide and the water ; a very beautiful

demonstration of the fact that water penetrates between the glass and the carbon

disulphide. When shaking, every drop of carbon disulphide is coloured blue by

gold adhering to the surface and thus it looks as if the liquid itself possessed

that colour; by removing some with a pipette it will be seen that such is not

the case.
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At first clear, it after a wliile becomes opaque and after an hour a

portion of the gold is already so stroiigh' coagulated that it is left

behind on filtration. Wiien shaken with water immediately after

being prepared, the gold passes with a yellowish-red colour into the

water; a small portion only deposited at the surface of contact in

the form of brown flakes ; the ethereal layer, however, was quite

decolorised. From the solution which had stood for a while, all the

gold disappeared also on shaking with water. The greater part

thereof arrived, however, at the layer of contact, whilst the

aqueous layer was coloured yellowish-brown and looked turbid

with incident light.

An aqueous solution of AuCl, when shaken with ether to which

had been added a few drops of the solution of phosphorus was

coloured yellowish-brown whilst the ethereal layer remained

colourless.

Hence, in regard to ether, the yellowish-brown moditication of

gold is stable in the aqueous phase (also see 8) whereas the reddish-

violet and blue gold is stable at the surface of contact.

10. Addition of an impeding colloid such as gum arabic to the

gold exerts a twofold influence. First of all it may retard, or even

entirely prexent, the separation at the surface of contact. Even

0.001 7o of the gum caused the separation from a red solution

(prepared from AuClj and CO) to take place with great difliculty

and then only imperfectly ; with 0.005 "/« of the gum, a trace of

deposit could be observed only after prolonged shaking. The colour

of the gold in the contact layer was, however, blue as in the

solution free from gum. The separation at the surface of contact

with ether was entirely prevented by as little as O.OOI "/o ol* gn'^^

arabic ; all the gold was retained in the aqueous solution with a

red colour.

Secondly, without retarding the separation at the contact surface,

it may prevent the colour from changing from red to violet and

blue. This was observed in the case of C„Hg, CSj and CCl^, a very

small quantity of gum arabic (0.001—0.005 "/o) being sufflcient.

11. Besides colloidal gold, the colloidal solutions of the following

substances were also investigated.

Silver. (Oollargolum. Fabrik Von Heyden). With amylalcohol,

isobutylalcohol and carbon tetrachloride a portion passed with a

brown colour into the surface of contact, another portion remained

unchanged in the water. With benzene and with ether, nothing

was deposited at the contact surface and all was retained in the

water.
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Ferric hydroxide {1^!^ years old). This was i-etained in the water

with every liquid used.

Arsenic trisiilphide (1'/. year old). With paraflui oil, carbon

tetrachloride, benzene and ether the liquid remained unchanged;

with amylalcohol and with isobutylaicohol, the sulphide was depo-

sited quantitatively at the surface of contact').

Selenium (prepared from H^SeO^ -\- SO,J. With amylalcohol a

portion is deposited at the contact surface and another portion in

the alcohol hxyer. Witii butylalcohol, carbon tetrachloride, benzene

and etiier all the sulphide collects at tiie surface of contact.

12. From the above it appears that case h — separation at the

surface of contact — is a very commoji one. A few instances,

however, could also be found in the other two cases.

In fact, case /; is so common that it will often be possible to

determine the colloidal nature of a solution by exhibiting the sepa-

ration at the contact surface on shaking with a second liquid.

The above cases rehile to non — or only partially — i-eversible

colloids.

With typically reversible colloids such as gelatin, the separation

at the contact surface has, however, also been obserxed and this

reaction has even been utilised for demonstrating the presence of these

substances in a solution"). In most cases, however, the total quantity

that deposits at the contact surface appears to be small. Jonker ^)

found for tannin and alcohol a distribution over the two layers
;

these solutions so far as the size of the colloidal particles is concerned

will have to be classed very closely with the molecular solutions

and be considered as homogeneous phases.

The adhesion to the surface of contact of a second liquid is,

moreover, quite comparable to the surfaca adhesion of an added

solid substance, a phenomenon that has been observed with different

colloidal solutions.

Colloidal gold, for instance, is taken up by carbon powder, barium-

sulphate and various fibrous substances ; colloidal arsenic trisulphide

by carbon and by barium sulphate ; carbon by paper ; selenium,

-) In this case also it was very evident that the separation is due to the action

of the surface of contact. An aqueous soluüon of butyldcohol left the solution

entirely unchanged ; the instant, however, that an excess of the alcohol was added,

thus forming a separate layer, all the AS2S3 soon deposited at the contact surface.

2) k. WiNKELBLECH, .Zeltschr. f. angew. Ghem. 19, 1953 (1906). The phenomenon

is, hov;ever, somewhat different as the gelatin arrives at the contact surface as a

thin, white lather. Hence, besides the liquid phases the air-phase also cooperates.

5) Zeitschr. f. Koiloidchemie 10, 126.
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telliirinni, tiingsten-l)lue and inai\y other inorganic colloids by fibrons

substances '). These [)henonicna have been usually described as

adsorptions, although the name adhesion would be the more correct

one. If, however there exists a continuity between colloidal and

molecular solutions, this will then also exist between adhesion and

adsorption.

Delft, July 1913.

Chemistry. — '^Equilibria in ternan/ systems'. IX. By Prof. F.

A. H. SCHREINEMAKERS.

We will now consider the four-phase equilibrium F -\- F' -\- L -\- G
in connection with the saturation- and vapour saturation-curves of

F -and of F' under their own vapour pressures.

These saturation-curves under their own vapour pressures may
be situated with respect to one another in diiferent ways : 1. they

may intersect one another ;
'2. they may touch one another ; 3. the

one may be situated outside the other ; 4. the one may surround

the other.

Let us, in the first instance, consider hg. 2, in which the con-

tinuously drawn curves i-epresent the saturation curves, the dotted

curves the vapour saturation curves of F and of F' under their

ow^n vapour pressures.

At the given temperature, therefore, every liquid of the curve

f 'V y g is saturated with the solid F and in equilibrium with a

vapour of the corresponding curve f\g^ ; every liquid of the curve

fx'y'g is saturated with the solid F' and in. equilibrium with a

vapour of the corresponding curve f\gi.

Because all these liquids are under their own vapour pressures,

the pressure changes will, as we have seen before, move along these

curves.

If we now consider ƒ as a point on the saturation curve of F,

it is under a pressure F ; if, on the other hand, we consider ƒ as

a point on the saturation curve of F' , it is under a pressure P'.

The question now arises: Is P the same as P' or are they different ?

Under the pressure P, therefore, the system F -\- Lf-\- G exists,

and under the pressure P' the system F' ~\- Lf-\- G' . At a definite

1) R. ZsiGMONDY, Verb. d. Ges. D. Naturf. u. Aerzte, 73 Vers. Hamburg 1901,

p. 168. L. Vanino, Ber. d. D. Cbem. Ges. 35, 662 (1902).

W. Spring, Beobacbtungen über die Wascbwirkung von Seifen, Zeitscbr. f.

Kolloidcbemie 4, 161 (1909).

\V. BiLTz. Ber. d. D. Cliem. Ges. 37, 1766 (1904).

25

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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temperature, however, a definite liquid Lj cannot be in equilibrium

with vapour under two different pressures.

P and P' must therefore be the same. Further it also follows that

the vapours G and G' are the same. We call this vapour G/^ .

The point of intersection of the two saturation curves under their

own vapour pressures signifies, therefore, that under a 'definite pres-

sure the three-phase equilibrium F-\- Lf-\- G/^ can be met with as well

as F' -\- Lf-\- Gf^. To every point of intersection ƒ of the saturation

curve belongs, therefore, a detinite point of intersection f\ of the

vapoursatu ration curves under their own vapour pressures. Hence it

follows that the point of intersection ƒ represents the liquid L, the

corresponding point of intersection f\ the vapour G of the four-

phase equilibrium F -\- F' -\- L -\- G ; in other words : ƒ represents

the solution saturated with F -\- F' under its own vapour pressure;

/i is the corresponding vapour. The same, of course, applies to the

points of intersection g and g^.

The following equilibria, therefore, exist in fig. 2

:

1. A series of solutions saturated with F under their own Vpipour

pressures, wdth their corresponding vapours; therefore the system

FJ^L-^G.
2. A series of solutions saturated with F' under their own vapour

pi'essures, with their corresponding vapours ; therefore the system

F' ^L-Y G.

3. Two solutions saturated with P^ -\- F' under their own vapour

pressures with their corresponding vapours ; therefore the system

F -\- F' -{- L -\- G. The one exists under the pressure Pj with the

liquid ƒ and the vapour f^ ; the other under the pressure Py with

the liquid g and the vapour g^. Usually P/- and P,, are different;

only in exceptional cases can they be equal.

For the sake of abbreviation we shall call in future the point of

intersection of two saturation curves under their own vapour pres-

sures "the liquid point of intersection", and the point of intersection

of two vapour saturation curves under their own vapour pressures

"vapour point of intersection".

If we now assume, that in the figs. 1—3 (VIII) the saturation

and vapour saturation curves of 7" and of F' under their own

vapour pressures are drawn, then it is evident that the liquid points

of intersection fall on the liquid cur\e ac and the vapour points of

intersection on the vapour curve cïiCi of the four-phase equilibrium. In

fig. 'J, corresponding with fig. 1 (VIII) some of these curves are

partly drawn. On the liquid curve ac [fig. 1—3 (VI IIJ we take a

point ^V, corresponding with the point of maximum temperature N
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\ \ 3
4^

Fis. 1.

of fig. 4 (VUT) ; we imagine the coiTesponding point N'i on the

vaponr curve a/j^. We may

now distingiiisi) two cases,

according as the volume of

F+F' increases or decreas-

es on melting (congruent

or incongruent;. That there

may be agreement with our

previous derivations, we
shall assume that the vo-

lume increases. We see

from fig. 4'(Vni) that the

points N, S and D (and

consequently also the corresponding points N„ S^ and Dj must

then lie with respect to one another as in fig. 1.

The liquid curve (tig. 1) has, therefore, its maximum temperature

at N, the vapour curve at JSf^. On the liquid curve, therefore, the

temperature decreases from jY, on the vapour curve from iV^ in

both directions.

Let us now take a temper-ature 1\, lower than the maximum
temperature of sublimation 7/? ; the saturation- and vapour saturation

curves under their own vapour pressures (which are only partly

drawn in the figure) corresponding to this temperature T^, are indi-

cated by "1". In tig. 2 we find the complete diagram. From figs. 1

and 1—3 (VIII) it follows, (as is also drawn in fig. 2), that at

temperatures lower than the maximum point of sublimation, the two

liquid points and also the two vapour points of intersection are

situated in opposition with respect to FF'.

We now take a temperature T^ between the maximum point of

sublimation Tn and the minimum meltingpoint 7^. The saturation

and vapour saturation curve under their own vapour pressures,

corresponding with this temperature 7\ and only partly drawn in

tlie figure, are indicated by "2". One of the liquid points of intersection

is situated between S and D, the corresponding vapour point of

intersection between S^ and D^. We hnd the complete diagram in

fig. 3. The points ƒ and g are situated in opposition, f\ and <j^ in

conjunction with respect to the line 7^7^''. The tigs. 2 and 3 differ from

one another only as regards the position of the point (/^ with respect

to the line FF'. When fig. 2 passes into fig. 3 the point g^ falls

on the line FF' ; this is the case at the maximum temperatm-e of

sublimation Tu; the points g and g^ of this transition figure agree

then with the points D and D^ of figure 1.

25*
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Wc now lake in Iv^. 1 a lemperature T^ between the melting

point Ts und the point of inaxininni temperature 7^- The saturation

and vapour saturation curve under their own vapour pressures,

corresponding to this temperature, are parti}' drawn and indicated

by 4. One of the liquid points of intersection is situated between

/.S and jV, the corresponding vapour point of intersection between

S^ and ^1- Fig, 4 indicates the complete diagram. The pointsƒ and

g as well as the points /\ and <:/j are situated in conjunction as

regards the line FF\ When fig. 3 passes into fig. 4, the point c/

falls on the line FF' ; this is the case at the minimum melting point

Ts- The points g and g^ of this transition figure agree with the

points S and S^ of fig. 1.

At the maximum temperature Tjsi the two saturation curves touch

one another in the point N', the two vapour saturation curves in iVj.

We find the complete diagi-ani in fig. 5. At tliis temperature, thei'e-

fore, only one single solution JV exists, saturated under its own
vapour pressure with F -\- F' ; the corresponding vapour is repre-

sented bj iV^i- If we raise j< the temperature still more, the two

saturation- as well as the two vapour saturation-curves fall outside

each other, and finally disappear. The manner in which this takes

place has already been described in communication I.

In deducing diagrams 2—5 we have based our arguments princip-

ally on fig. 1, in which the points F, F' , S and D^ are situated

as in type 1. As w^e have seen before, however, that 12 types can

be distinguished, we shall now consider from another point of view

the appearance of two saturation- and two vapour saturation cur\es

under their ow]i x^apour pressures. We shall namely distinguish 7

chief groups with respect to the temperature. We assume again in

the first instance that the volume of F -\- F' increases on melting

(congruent and incongruent). The points N', S, and F> are situated

with respect to one another as in

fig. 4 (VQI) and 1.

I. The temperature is lower than

the maximum point of sublimation

7/) . It is easy to see that not

only the two liquid points of

intersection but also the two

vapour-points of intersection are

situated in opposition as regards

the line FF.
One of the many diagrams, satis-

fying these coi»ditions, is drawn inFi2'. 2.
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fig. 2. The points F, F', ƒ and y are situaled in (liis fignre in sucli

a way that the}- form the angular points of a quadriUiteral, they

may, however, also form a triangle, surrounding the point F ov F'

.

The same applies to the points F, F'
, g^ and J\.

In addition to the above mentioned instances, the different diagrams

may yet still differ from one another with respect to the reactions

which may take place in either of the two four-phase systems

F-^F' -{-L^G. For the system /^'-f
7^^' + liquid

(/ + vapour^,,

we distinguish the following cases

:

a. The point g^ is situated within the triangle FF'g.

Reaction : F -{- F' -^ L:^G.
h. The points form a quadrilatei-al ; the line Fq^ intersects F'q.

Reaction -. F' ^ L:^F -^ G.

c. The points form a quadrilateral; the line F(j intersects F'g^.

Reaction -. F -^ L:^F' -{- G.

d. The point g is situated within the triangle FF'g^.

Reaction : L:^F -\- F' -^ G.

For the system F -\- F' + liquidƒ+ vapour/; we may of conrse

distinguish the same cases.

If we consider the above-mentioned reactions in the direction

from left to right, vapour is formed, and, therefore, the volume

increases. The three-phase equilibria, which are formed, when the

reactions take place from left to right, exist therefore at lower tem-

peratures, and those which are formed when the reactions take place

from right to left exist, therefore, at higher pressures than the four-

phase equilibrium. Hence the following is easily deduced : out of

the point of intersection of the two saturation curves under their

own vapour pressures, the pressure

1. decreases along both curves, when reaction a

2. increases along the one curve and decreases along the other,

when reaction b or c

3. increases along both cnrves, v/hen reaction d takes place in

the four-phase equilibrium.

The same of course applies to both the vapour saturation curves

under their own vapour pressures. As follows from the position of

the points of intersection in fig. 2, the reaction "a" is there assumed

for the equilibrium F -\- F' + liquid ƒ/ -j- vapcur^/j, the reaction 'V/"

for the equilibrium F -{-
F'

-\-\\(\\\\^ f -\^ v'ix\iQ\\Y J\. The pressure

changes along the curves in the vicinity of the points of intersection

of this figure are in accordance with the previous considerations.

It is evident that yet many other cases are possible, which can

be obtained by combining the reactions a—d^ two at a time. It
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should however be kept in mind that in tlie immediate vicinity of

the maximum point of sublimation only the reactions a, h and c

can take place (compare the reaction series A^^, B^ and C.). Reaction

d can take place at a greater distance from this point only.

We maj also consider the different cases from yet another point

of view. For this purpose we lake two saturation curves and their

corresponding vapour saturation curves. We let these intersect one

another in such a way, that the two liquid points of intersection

as well as the two vapour points of intersection are situated in

opposition with respect to the line FF'

.

If we consider stable conditions only, merely a part of each curve

will remain. We may now distinguish several cases, according as

the points of maximum and minimum pressure are situated on the

stable or metastable parts of these curves, and these will be in

agreement with what has been said above. It is evident that for

each stable or metastable point of maximum or minimum pressure

on a saturation curve there exists a stable or metastable point on

the corresponding vapour saturation curve.

In fig. 2 the points of maximum pressure are indicated by x and

x', the points of minimum pressure on the saturation curves by y
and y'. The two curves intersect each other in fig. 2 in such a way
that these four points are stable, consequently the corresponding four

points (not drawn in the figure) on the vapour saturation curves

are also stable.

II. The temperature is equal to the maximum point of sublima-

tion Tj)

.

The two liquid points of intersection are situated in opposition

with respect to the line FF' ; one of the vapour points of inter-

section is situated on the line FF' . We imagine in fig. 2 or 3 the

point gi on the line FF' . When a congruent sublimation takes place,

^1 is situated between the other two points, with an incongruent

sublimation F or F' is situated there.

III. The temperature is higher than the

maximum point of sublimation Td , but

lower than the minimum melting point Ts .

The two liquid points of intersection are

situated in opposition with respect to the

line FF' ; the two vapour points of inter-

section are situated in conjunction with

respect to that line. One of the maiiy dia-

grams satisfying these conditions is drawn

Fig. 3. in fig.^3. In the equilibrium i^-[-^'+^''Q"id^
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d no longer takes place;~\- vapour (/i, one of tlie reactions c

instead one of the reactions

e) F^F':^L^G; ƒ) Ft:F'^L^(r,
takes place.

xls follows from the position of the points g and g^ in fig. 3, the

reaction e takes place. Hence it follows that the pi-essure decreases

from g along the two curves.

IV. The temperature is equal to the minimum meltingpoint^ Ts .

The two vapour points are situated in conjunction with respect

to the line FF' ; one of the liquid points of intersection is situated

on the line FF' . We shall call this ligure "fig. 3a". When a con-

gruent melting takes place, g is situated between the other two

points ; when an incongruent melting takes place, F or F' is situated

there.

We have seen before that the minimum melting point Ts of the

complex F -\- F' can be lower than that of one of the two components

F or F' taken separately. Imagining in fig. 3^ the saturation curve

of F to be exphased, then 7^ is lower than the minimum melting

point of F; when both the saturation curves in fig. 3a are exphased,

then Ts is lower than the minimum melting point of either of the

two compounds F and F' . As the exphased saturation curves are

generally not very far removed from F and F' , this last mentioned

case can only occur when the points F and F' are situated close

to each other, that is if they differ only a little in composition.

V. The temperature is higher than the minimum melting point,

Ts , but lower than the point of maximum temperature JV-
The four points of intersection are all situated on the same side

^--'"""•«^ of the line FF' . In fig. 4 one of the many
possible diagrams is drawn. As long as

the point g is still situated in the vicinity

of the line FF' , reaction a cannot take

place in the four-phase equilibrium F-\-F'-\-

liqnid g -{• vapour g^, but instead one

of the reactions /;— rf takes place. As follows

from the position of the points g and (/,

in fig. 4, the reaction that takes place

is d, therefore : L-^ F -^ F' -\- G.

Vapour is formed as the reaction

proceeds from left ^ to right. Although in such a case the volume
generally increases, in this particular instance the volume, however,

decreases. We have namely seen before that this formation of vapour

in points between N and S takes place with decrease of volume.
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As the three-phase equilibria F -{-. L -\- G and F' -\- L -{- (r are

formed here, when the reaction proceeds from left to right, both

these equilibria exist under pressures lower than those of the four-phase

equilibrium. On both saturation cur\'es under their own vapour

pressures, the pressure decreases therefore from the point g outwards.

In the system F -\- F' -\- L -\- G the volume increases, of course,

with the formation of vapour.

VI. The temperature is equal to the point of maximum temperature Jiv.

The two saturation curves under their own vapour pressures

touch one another; the same applies to the two vapour saturation

curves. The two points of contact are situated on the same side of

the line FF'. In fig. ö one of the many possible cases has been

drawn. As the point JV is generally situated in the vicinity of the

line FF', consequently in the four-phase equilibrium reaction a does

usually not take place, but instead one of the reactions b—d

takes place.

^--^ In tig. 5 the curves touch one another

externally. It is evident that they may

also touch one another internally, or that

one or more of the four curves may be

exphased.

From our previous considerations it

follows that, during a reaction between

.the four phases of the system F -\- F' -\-

liquidN -\- vapour JSf-^, the volume remains

Fig. 5. constant.

While the point of contact between two saturation curves under

a constant pressure is situated on the line FF' (the only exceptions

being metastable points of contact, which may be situated on the

spinodal line, when the liquids separate into two layers), the point

of contact of two saturationcurves under their own vapour pressures

is always situated outside the line FF'

.

VII. The temperature is higher than the point of maximum tem-

perature 7V.
The two saturation curves under their- own vapour pressures

neither intersect nor touch each other; the one is situated either

outside or completely round about the other. The same, of course

applies to the two vapour saturation curves under their own vapour

pressures.

For this purpose we have deduced from fig. I, that, at the maxi-

mum temperature Tjsf the two saturation curves as well as the two

vapour saturationcurves under their own vapour pressui-es touch
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each otlior, and also thai (he (wo [)oin(s of' contact are not situated

on the line joining F and F' of the solid phases. Tins also follows

from the eqnations of these curves.

The saturation curve under its own vapour pressure is, as we
have seen before [8 and 9] (II)] fixed by

[(.t'-«) r + (//-/?) «1 civ + \{o:-a) s -f {y - /:?) q chj ^ A . clP . {\)

\{w, - X) r + {y-y) .] d,v. -f \{x,-ai) s + {y,-y) q dy = C . dP . (2)

We may write for this, after eliminating clF

\{,v-a) C-{.v—.v) A {rdx -f sdy) + \{ii-^)C-{y—y)A[{iidiü + tdy)=:0{^)

For the saturation curve of F' under its own vapour pressure we

have :

!(,,_«') C—{x,—x)A\{rdx+ sdy)^\{y—^') C-{y,—y)A%sdx-\-tdy)= 0{^)

If the two saturation curves under their own vapour pressures

dy
touch one another, then, for this point of contact, — from (3) and

dx

(4) must necessarily have the same value. This is the case when

:

(,,_«') C-K-.^') .4' {y-^^)C-{y-y)A!' ' '

^^^

If we substitute herein the values of A, A' and C we find after

reduction

:

n + n' v' 4-- m V. + m^ F^ = (6)

where n, n', m and m^ have the same values as in (6) (VIII).

(6) is not satisfied by a point on the line FF' ; in this case,

namely m^ becomes = 0, and consequently, we should have to

satisfy, at the same time

:

nv -{- 71 v' -\- m V=() . . (7)

As the value of the first part of (7) is, however, dependent on

the volumes of the three phases F, F' and L, consequently (7) is

usually not satisfied. This also follows from the meaning of the first

part of (7); this, namely, represents the change of volume which

takes place in the minimum melting point of the complex F -\- F'

,

and this is, of course, only in higlily exceptional cases equivalent

to zero.

The first part of (6) represents, as we have seen before, the

change of volume which takes place in a reaction in the four-phase

system F -\- F' -\- L -\- G. In agreement with previous considera-

tions consequently, we see that two saturation curves under their

own vapour pressures touch, if the four-phase reaction takes place

without change of volume.

If the condition is calculated that two vapour saturation curves

may touch, then a form is obtained, which is deduced from (6) by
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substituting therein .v^, y, and V^ for x, y and V, and vice versa.

In this waj condition (6) is again obtained. From this follows : if

two saturation curves under their own vapour pressures touch each

other, then their corresponding vapour saturation curves must also

touch, and vice versa. This is the case when the four phase reaction

takes place without change of volume.

When considering figs. 2—5 we have supposed that in the four-

phase systems always a four-phase reaction takes place. As a tran-

sition instance a three phase reaction may, however, also take place.

If we limit ourselves to such reactions taking place between

liquid, vapour and one of the solid bodies, then we have: h)

F^L:^Gl)L:^F-{- Gj) F:^ Z + G B F + X ^ G I) L:^
F' j^ Qm) F':^L^ G.

In the four-phase equilibrium j^^ -|-
i^' -|- liquid </-]- vapour g^

(figs 2, 3 and 4) reaction It, i or j takes place, if the points F, g
and //i are situated in a straight line. Reaction h takes place if the

point (/i, reaction i if the point g, and reaction / if the point F is

situated between the other two points.

If, however, the three jioints F, g and g^ are in a straight line,

then the pressure for the system i^-{- liquid (/-[- vapour (/j will be

a maximum or minimum, as we have seen before. The point g
will then be the point of maximum or minimum pressure for the

saturation curve of F, the point g^ such a one for the vapoursatu-

ration curve under its own vapour pressure. Consequently in fig.

2 the point g coincides with the point y or the point ƒ with the

point X.

The previous considerations may also be expressed thus : when in

the equilibrium F -\- F' -\- L -^ G one of the three-phase reactions

h—m takes place, a point of maximum or minimum pressure of a

saturation curve is situated on the liquid curve of this equilibrium,

and a similar point of the vapour saturation curve under its own

vapour pressure on the vapour curve of this equilibrium.

In connection with the previously deduced properties (communi-

cation VIII) we find, consequently, that if in a four phase equili-

brium F -f F' -\- L ^ G a three-phase reaction takes place between

liquid, gas and one of the solid bodies then :

1. the four-phase curve, the limit curve of this compound and

the solution path of this compound belonging to this point will touch

one another in the P, J'-diagram.

2. in the concentration diagram on the liquid curve of the four

phase equilibrium a point of maximum or minimum pressure of the

saturation curve of the compound will be situated, and on the
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vapour curve of lliis equilihrium a similar point of the vapour

saturation curve under its own vapour pressure.

If one of the pi'operties mentioned under 'i. or 2. appears, then,

reasoning backwards, the three-phase reaction, mentioned above,

will also take place in the four-phase equilibrium.

Above we have considered onl}' the case that the volume increases

at the congruent or incongruent melting of the complex F -\- F'
\

corresponding properties make their appearance when the volume

decreases. These the reader can easily deduce for himself.

In the same way in which we deduced above the properties oi

two saturation- and vapour saturation curves under their own vapour

pressures, the reader can consider the appearance of two boilingpoint

curves and their corresponding vapour curves.

Astronomy. — ^'On the constancy of the velocity of Uglit". By

Prof. W. DE vSlTTER.

In my communication to the meeting of February of this year

(see these Proceedings, Vol 15, page 1297) I pointed out that the

existence of spectroscopic doubles whose motion obeys the laws of

Kepler, is incompatible with the theory of Ritz, while in agreement

with that of Lorentz.

Since then Messrs. P. Guthnick ') and E. Freündlich ') have

brought forward the hypothesis that the velocity of light might

depend on the velocity of the source in a manner differing from the

simple addition postulated by the theory of Ritz. The most simple

hypothesis would be

V r=i c {- x?/.,

where v is the velocity of light emitted by a source having the

velocity u. The problem then is no longer to decide whether ?« =
or 3c = l, intermediate values being excluded, but to assign an

upper limit to x.

We have then, using the notations of my former paper

A
a -— -a —

.

If the true orbit is a circle, then the equation (1) becomes :

u — u^cos — {t-f,) (1)

If 5c is very small we find for the equation (2) the following

approximate expression

1) Astronomische Kriterien fur die Unabhangigkeit der Fortplanzungsgcschwindig-

keit des Lichtes von der Bewegung der Lichtquelle, Astr. Nachr. 4670 (195, 265).

~) Zur Frage der Konstanz der Lichtgeschwindigkeit, Physik. Zeitsclir. 14, 835.
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2rr 2rr it„A 2jr

!/ lol (2)

where naturally ?6, z^^, c, A, t and T' must all be expressed in the

same units (km. and sec.) The observed velocities will thus show a

spurious excentricitj, of the amount

e=z a •

.

T c'

This unites with the true excentricitj and cannot be separated

from it by observations.

Now it is easy to derive an upper limit for x. Take a well

known star like /? Aurigae. The observations giv§

;; = 0".014 = 0.005 u, = 110 r= 3.96 days.

As the largest values which are still compatible with the obser-

vations we can take

^;<0".05, or A > 65 lightyears,

é< 0.015.

We find then x < 0.002.

Quite possibly other stars will give still smaller values of x. The

smallest values, of course, are found from the stars having the

smallest parallaxes. Unfortunately the parallax of most spectroscopic

doubles is still unknown, and it is thus impossible to give numeri-

cal values. We can however assume as certain that for the majo-

rity of these stars a xsdue would be found which is still smaller

than that given above.

Postscript. During the discussions at the meeting the remark was

made (by Prof. Korteweg) that the star /? Aurigae might have a

true excentricity of such amount as exactly to cancel the spurious

excentricity produced by the motion. This is, of coui'se, entirely

correct. If this true excentricity ^) were e = 0.90 we should find

H=r0.12, [taking again p = 0".05 and using the same approximate

formula as above, though this is not correct for such large excen-

tricities]. Thus if we knew only this one star, we should have to

adopt as upper limit for x this value 0.12. There are however a

considerable number of stars widi large values of ?<„, whose observed

excentricity is very small or zero. Several of these certainly have

very small parallaxes. It would evidently be absurd to assume that

all of these possessed exactly that true excentricity and position of

the periastron which would cancel the apparent excentricity for an

observer on our earth.

1) For (3 Aurigae a large excentricity is particularly improbable on account of

the presumably large dimensions of both components as compared with their

mutual distance. *



^97

Microbiology. — "(Icidation of mamjanocarhondti' In/ nncroJ)i's'\

By Piof. Dr. M. W. Hki.ikhinck.

Ill experiments on nitriticatioii, ituinmanocarbonate being used as

indicator of oxidation, it was found that the nitrifying microbes

themselves could not attack this substance, but that other organisms

possess this power in a high degree.

When two pieces of filter paper, with a little iiianganocarboiiate

between them and moistened with a dihite solution of ammonium-
chloride and kaliumfosfate, are infected with garden soil and kept

at about 25° C, dark brown or black s))ots of a manganicompound

will appear upon them after some days.

The reactions characteristic of the thus produced manganicom-

pound, are the sudden decomposition of liydrogenperoxide and the

oxidation of hj'droiodic acid under secretion of iodium, which reactions

are not caused by the manganocarbonate itself.

In the microscopic tield tlie newly formed manganicom[)Ound

is sometimes precipitated as a detritus, in other cases in the shape

of black sferites, no doubt chiefly consisting of Mn^O., or MnO^.

When examining the related microbes, bacteria and various species

of mould were recognised as cause of tliis oxidation.

The best way to obtain these organisms in a form fit for further

experiments, proved to be the sowing of the material, developed on

the filter paper, on plates obtained by dissolving agar in water to

which, likewise as to the filter paper, had been added, besides

c.a. 17o manganocarbonate, 0,057o kaliumfosfate and 0.057n ammo-
niumchloride or. as much nitrate. With an equable distribution of the

carbonate such plates are as white as paper. When cultivating there-

on the oxidising microbes, the bacteria form a deep brown granuious

deposit, partly at the glass wall, whilst the mould species produce

large black spots, whereby in the agar black sferites are formed,

which will sometimes grow out to Vio millimeter diameter and are

then visible to the naked eye.

As to the bacteria, the manganicompound mostly remains dif-

fusedly precipitated in the extensive colonies, without producing

distinct sferites.

It is true that in these brown spots, which after some weeks

attain one or two cm. in diameter, small grains are found, but

these prove to consist of cluui[>s of bacteria, enclosed in a brown

or black envelope or film of manganioxides. The capsulated bacteria

ha\e the shape of veiy (hin, short rodlets -, the loose ones, occui-riiig

in the same spots, that of micrococci.
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With mnoli trouble T obtained pure cultures of these bacteria on

agarplates containing 0.()57„ toO.lVo manganolactate, whereon a|)pear

extremely small, capsnlated colonies, which, after being O'ushcd,

prove to consist of very delicate, quickly moving rodlets, whilst the

brown wall of the capsula again gives the usual manganireactions.

Agar alone proved to be the best food for these bacteria. The

said rate of manganolactate could be assimilated, but on media,

richer in organic food no development was observed. If, however,

organic substances are (piite absent the bacteria cannot oxidise the

manganolactate. Although to mj opinion, they are closely related

to the nitrate ferment, they are not able to convert nitrites into

nitrates, nor can they oxidise ammonium salts to nitrites.

By their motility they are distinguished from the genus Siderocapsa ^)

described by Moltsch.

Tiie mould species which oxidise manganocarbonate to mangani-

oxides, and which can likewise be easily grown on filterpaper

plates from garden soil, grow, like the manganese bacteria, also very

well on agarplates containing nothing but manganocarbonate and

some mineral salts. On pure agar, without manganocarbonate, they

also develop, but less quickly, so that the carbonate evidently serves

as food, and not only as a catalyser.

On plates of broth or malt extraction they likewise grow very

well, but more slowly than ordinary moulds, and they quite lose

thereupon their characteristic properties.

They can, however, also be cultivated on various other media

where they produce much mycelium and sometimes fructify, but only

oxidise the added manganocarbonate in the presence of a very slight

concentration of the dissolved organic nutrient substajices.

These moulds belong to very different groups of the Fungi,

but all seem to be real inhabitants of the soil. So I have found

species of the genera Botrytls, Sporocybe, Trichocladium, and in

particular of Mycogone, which I knew already as common moulds

of fertile garden soil. As might be expected, new forms also appeared,

among which a new species of Mycogone with tetrahedrally an-anged

brown spores, common in the garden of the Laboratory for

Microbiology.

Somewhat more minutely I examined a Papulospora, which I

will call P. rnanganica, and a Sporocybe to which, for its common

occurrence on the filterpaper, the name of S. cliartoikoon is given.

1) Die Eisenbakteiien, S 10, Jena 1910.
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Oiii' Papulospora is very much like P. ."sepedonioides Preuss, ^) biif

diliers in some respects tVoin the deseiiplioii <>iveii of it by SAf;(;AKDO.'")

Tlie very fine mycelium remains in the substrate and })roduces only

extremely short hjphae bearing small spore-heads, which do not grow

out of the surface of the medium and under the microscope easilj'

divide into the oblong spores. When these spores ai-e cultivated in

dilute broth they form a fine, branched, multi-cellular mycelium,

which produces isolated spores on shorter or longer hyphae, and

this is quite in accordance with the (lescri[)tion in the litei-ature of

the genus Monosporium.

When sown on agarmanganocarbonate plates, at 25 to 30° C.

the spores produce, after few days already a very delicate, strongly

branched mycelium, soon followed by brown-colouring of the sur-

roundings. Shortly after sferites appear in the brown field, first brown,

but later jetblack. If cultivating on agar with about 7io 7o niangano-

lactiite, the sferites come later and are at first colourless, but finally

they also grow black. Besides as sferites, the manganicompound

is also deposited as a brownish black precipitate at the mycelial

threads. The fact that the sferites may be colourless, proves that

they must contain something else than manganioxides only, and

cautious dissolving in hydrochloric acid of the black substance always

leaves a spherical substrate wherein the manganese is precipitated.

Hence, the sferites remind very strongly of the calcosferites of

shells and egg-shells, described by Harting ') in 1872, and also of

the sferites of calcium-carbonate, artificially precipitated in gelatin

or albumin, all consisting of an organic substance, in which calcium-

carbonate or calciumfosfate, or both, are deposited. Harting thinks

that this substance, in case the sferites form in gelatin, chemicall}'

differs from the gelatin itself and calls it "calcoglobuline". Evidently

a similar conception may be applied to the manganese sferites of

Papulospora found in agar. The formation of sferites in the agar

can continue for months successively, so that evidently the mould

does not produce noxious substances. It is then observed that the

1) Engler's Pflanzenfamilien, Bd. 1, Abt. 1 S. 4^8, Fig. 221 D.

~) Saccardo, Sylloge fungorum, Bd. 4, Pag. 59, 1885.

^} Recherches de morphologie synthétiquc (Acad. Royale des sciences Néeiland.),

Amsterdam, v. d. Post 1872. Very beautiful sferites of ironfosfate may be obtained

by allowing ferroamoniumsulfale to diffuse against sodiumfosfate. They likewise

consist of a spherical substrate in which the ferrisalt is deposited. The late Prof.

VAN 't Hoff, who long ago examined these sferites for me, came to the conclusion

that the ironfosfate occurs in it as uilramicroscopic crystal needles or trichites,

belonging to the monoclinic system, radiating from the centre and arranged in

layers.
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deposition is periodical. At first I thought tliat in tliis periodicity

light is concerned, hut tiie formation of rings also occurs in llu;

dark, so that they seem to be of the same nature as the rings ot

LiESEGANG, which, for exam[)le, are formed when siKernitrate diffuses

in plares of chromate gelatin, wherein the silverchromate precipitates

in rings, separated by rings without siKerchromate.

As to the way in which the nianganicompound originates from

the inanganocarbonate, it appears that this may take place as well

within as without the mycelium. That this can indeed occur in the

cells 01- at least in the cell-walls, is shown by the great accumulation

in the wall, and this is quite in accordance with the character of

nutrient substance of the cai-bonate, referred to al)o\e. The increase

of the sferites, however, takes place in a way suggesting the idea that

also to a fairly great distance from the mvcelium an oxidising agent

is spread, able to transmit the oxygen of the air to the carbonate.

I infer this from the fact that the formation of sferites often occurs

in the midst of manganocarbonate plates, which remain snow-white

in the vicinity, and 1 snppose that if the blackish brown oxide

originated from the rather far distant mycelium, the way between

should be coloured brown by a solution of that oxide. It must,

however, be noted that such a bi-own-colouring of the white

culture medium is obserxed in other cases, as with Sporoct/be

chartoikooii, and furthermore that 1 have not been able to oxidise

manganocarbonate by means of oxidase and peroxidase of different

origin, of which we should first of all think as causing the said

distance-reaction. That peroxidase could not be concerned was to

be expected, ns for its action hydrogenperoxide must be present,

which directly reduces the nianganicompound. But that this oxida-

tion could neither be enacted by oxidase was not to be foreseen.

In this relation I wish moreover to remark that the mangano-

carbonate is kept by me as a diluted pap in stoppered bottles under

water, in order always to have it ready foi' experiments. It then

remains white for years without any precaution, whilst likewise

my manganocarbonate agarplates continue unchanged for months,

nay, ever, for more than a year, at free accession of air. Hence

the statement met with in some manuals for chemistry, that this

substance oxidises already at the air, requires a nearer explanation

of the circumstances accompanying this change, for example strong

drying over a Bunsen flame, or presence of alkaline vapours.

To the organic substances that can oxidise manganocarbonate,

chinou belongs. Formation of sferites I haxe not observed, and

there is not the least reason to accept that the described moulds
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and bacteria would produce this compouml, easily rocognisablo

by its colour. So, it' later it should l)e proved that the maiigaiiese

moulds really produce a substance causing oxidation out of the

cells, it may now already be asserted that it can neither be oxidase

nor chinon.

BVom the preceding we see that with the oxidation of' mangano-

carbonate by microbes, many questions are related, worth a nearer

examination, especially with i-egard to the conversions which these

very common microbes cause in the soil.

Physics. ^ ^'On the hiw of partition of energy.'' IV. By Prof.

J. D. VAN DER Waals Jk. (Communicated by Prof. J. D. van

DER Waals.)

§ 12. In my previous communications on this subject I started

from the earlier formula of Planck, in which no zero-point energy

was assumed. In fact the assumption of zero-point energv involves

great difficulties. In my opinion the supposition that a vibrator

vibrating with slighter energy than vli would not emit energy ^) is

not so much responsible for these difficulties — something similar

would already be found in a charge, which moved in a perfectly

conducting inclocure — but rather the assumption that radiation

coming from the outside yet acts on the electron in a normal way,

and sets it vibrating. '^)

In spite of these difficulties Planck's later formula for the energy

of a vibrator has of late been preferred by different physicists. The
quantitative grounds adduced for this, seem to be still pretty un-

1) Strictly speaking it might be said that Planck's vibrators in a certain sense

do radiate, also when they contain less energy than a quantum. For they absorb

energy, and absorption is a kind of emission. If e.g. we imagine a source of

light and a black screen and investigate the light behind the screen by means of

electro-magnetic potentials, we find darkness there, only because the contributions

to those potentials, yielded by the electrons of the screen, just cancel the contri-

butions • furnished by the electrons of the source of light. If the electrons of the

screen did not emit potentials and forces derived from them, we should have to

observe the direct light of the source behind the screen. So Planck's supposition

does not really come to this that vibrators when they do not possess exactly a

whole number of quanta, do not radiate, but that they radiate in a particular

way unilaterally.

2) It is remarkable that it is assumed here that the elementary process of ab-

sorption is not reversible, whereas by the cooperation of many suchlike processes

reversible observable phenomena do originate.

26
Proceedings Royal Acad. Amsterdam. Vol. XVI.
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certain as yet. Thus Ehrenfest ^) could account for the course of

tlie specific heat of liydrogen without assuming zero-point energy,

whereas Einstein and Stern.") derived from this course a proof for

tiie existence of zero-point energy.

1 will now draw attention to a phenomenon, which, so far as I

know, has nev^er been considered in the light of a possible existence

of a zero-point energy '), and for which it seems very difficult to

account even qualitatively without the assumption of zero-point

energy. This phenomenon is the radio-activity. A radio-active atom,

jiamely. which has continued to exist unchanged for a long. time,

suddenly explodes. So something must have been modified, either in

the atom itself, or in its surroundings. If no zero-point energy is

assumed, no movement would be present in the atom which follows

from the value of the specific heat. Accordingly nothing would

change there. With thermal equilibrium, however, the changes in

the surroundings 'are determined by the thermal motion ; they seem,

therefore, unable to explain the appearance of radio-active phenomena,

as they are independent of the temperature. Thus no circumstance

governed by chance is found on which the setting in of a radio-

active explosion of an atom could depend.

Matters are different if it is assumed that several particles vibrating

with a high frequency are present in the atom. On account of the

high frequency they will possess no thermal energy, but only their

zero-point energy. So this energy can manifest itself neither by

radiation, nor by a contribution to the specific heat. If it is now
assumed that the different particles have different frequencies, and

that they exhibit different amplitudes (vai-ying from o to v/i) and

phases in different atoms of the same kind, a circumstance is given

in liieir motion, which renders the setting in by chance of a definite

unstable configuration of the particles of the atom possible, and thus

leads to a radio-active explosion. Then the energy of the radio-active

rays and of the generation of heat might be found from the zero-

point energy. A change in jtotential energy might also contribute to

this, but so far as we know this might be as well positive as

negative, and the supposition would naturally suggest itself that the

1) P. Ehrenfest, Verh. d. D. pliys. Ges. 1913, S. 451.

-) Einstein and Stern. Ann. d. Physik IV, 40, 551, 1913.

•') Note added in the English translation, wlien I was correcting the proofs. As

Dr. Keesom was so kind as to point out to me, I was mistaken when I thought

that this interpretation of the radio-active phenomena had not been given before.

It was aheady given by Planck himself. Vorlesungen über Warmestrahlung, 2'"i

ed. p. 140.
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potential enei-gy of the formed products is greater tliaii that of the

atoms before the decomposition, so that this increase of potential

energj' too would have to be accounted for by the zero-point energy.

Such a supposition of particles moving with great velocity in the

radio-active atom has been made already before. But considered

without connection with the zero-point energy it seemed too arbitrary,

and Hahn and Mkitner's and von Bayer's experiments, which showed

that the /J-rays of a certain radio-active atom are homogeneous,

seemed to point to a definite loss of potential energy of the emitted

particles, which was found back in the form of kinetic energy^).

This homogeneity of the rays, however, might now be explained in

a different way, \'iz. by assuming that a particle tiiat vibrates with

a period v in the atom, is also emitted with an energy vh. Then

there would be a close correspondence between radio-activity and

the light-electric effect. The difference between the two phenomena
would only consist in this, that for tlie latter light falling on the

atom from the outside, for the former cooperation of the different

intra-atomic motions gave rise to the emission.

According to this supposition the frequency of the internal vibrations

for /?-rays emitted with a velocity v = 0,92 c. would have to be

estimated at v = 8,25 X J0'^

SoMMERFELD ') Calculates A r= 6 y; 10—^^ for the y-rays with this

velocity of the H-rays, which corresponds to u = 5 X lO—-'^. Hence

the period of the internal vibrations according to this supposition

would have to be somewhat greater than corresponds with the

wavelength of the coi-responding y-rays. At any rate the value which

we find in this way for the frequency is so great that even at the

highest temperatures attainable we are very far from the point at

which, according to Planck's formula, we could expect any perceptible

change in the energy of the motions, so that the otherwise so un-

accountable fact that not the slightest influence of the temperature

is found on the radio-active phenomena is very satisfactorily interpreted.

Perhaps little weight should be attached to such not quantitatively

testable considerations. I myself also doubt whether they supply a

sufficient ground to justify us in adopting a zero-point energy in

spite of the difficulties which attend it. Yet I have thought I ought

to point out the advantages whicli it offers.

1) It is perhaps also possible to retain this view, and only acid to it the

assumption that, in order to be able to be emitted, a particle must beforehand

have been brought by the zero-point motion in such a position of maximum
potential energy that it is shot out from there with that definite energy.

3) SoMMERFELD. Gougrcs Solvay, 1911, p. 342.

26*
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Physics. "(hl the sjisteni lieMuie-water.'" By Dr. F. E. C. Scheffkr.

^Coiiiimiijicated by Prof. J. D. van dku Waals).

1. In the 17^'' contribution ^) to the tlieory of binary mixtures

Prof. VAN DEK Waals has demonstrated that the phenomena wliich

occur when the concentration of the vapour phase with three-})hase

pressure lies between that of the two coexisting liquid phases, may

be derived from the course of the plaitpoint curve alreadj^ drawn

in fig. 43 of the 14^'' contribution ^). In this T-x projection the

plaitpoint line exhibits two minima and one maximum ; the minimum

Pa!j and the maximum Prd are heterogeneous double plaitpoints,

hence they lie in the covered region, and correspond to cusps in the

]^-T projection. The other minimum indicated in tig. 43 by Q,, is

a homogeneous double plaitpoint, and may occur both in the stable

and in the covered region. Further two points are found on the

plaitpoint curve which indicate the highest, resp. the lowest temperature

at ^vhicll three-phase equilibrium can occur. These two points, the

critical endpoints, which indicate stable states, must lie on the

branches APcd, I'esp. BP„b in fig. 43.

Whereas the different situation of the lower ci'itical endpoint on

tlie branch BPab does not bring about an essential modification in

the phenomena, three possibilities present themselves with regard to

the situation of the higher critical endpoint, which give rise to the

distinction of three different cases; the endpoint of the three-phase

pressure can namely either lie on the leftside (Type 1), or on the

rightside (Type 3) of the minimum on the plaitpoint line, or it can

just coincide with it (Type 2). The last case, to which fig. 43

corresponds, may be considered as the transition between the two

preceding ones.

We have an example of type 3 in the system ether-water.

For the peculiarities which present themselves for this system 1

may refer to my publication in these Proceedings ') and to Prof.

VAN DER Waals' 21^'' contribution').

The chance of the occurrence of type 2 seems naturally very

slight; yet it is very well possible that further investigation will

make us acquainted with a system for which the distance between

the minimum of the plaitpoint line and the endpoint of the three-

1) These Proc. Vol. XIV p. 655.

2) These Proc. Vol. XI p. 816.

8) These Proc. Vol. XV p. ?80.

*) These Proc. Vol. XV p. 602.
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phase line is so small that it is smaller than the errors of observation.

Then we shall be compelled to class such a system with type 2.

And that the chance to such a situation may not be so slight as

might be supposed at first sight, appears from my investigation of

the system ether-water, where two such transitions are found. In

this system the distance between the points Q^ and A (see fig. 43
of Prof. VAN DER Waals' 14^'> contribution) is so small that I could

not possibly decide whether the minimum of the plaitpoint curve

occurs in the figure, lies on the axis, or would be found just outside

the figure. Besides, it appeared that in the critical endpoint the slopes

in the P-T projection of the three-phase line and the plaitpoint curve

differed so little that practically we have to do with a transition

case here too.

Of type 1 no example was known as yet. In the 17^'^ contribution

Prof. VAN DER Waals has only shortly alluded to this case, and in

fig. 51 he has given a P-T projection which corresponds with this

case, but omitted a full discussion, particularlj^ also because this

case is attended with great complications. I have, however, now
succeeded in finding an example of this type in the system hexane-

water, the particularities of which I wish to describe in the following

pages.

2. Without further purification the vapour pressure line was
determined with Kahlbaum's synthetically prepared hexane, and the

three-phase line with a great quantity of water (47 mol. 7^ H^O).

For the filling of the test-tube, just as for the following investigation,

the apparatus was used which I described in my paper on the

system ether-water ^). The following values were found for the hexane

tk = 235,3, Pk = 30,1 atm., for the critical endpoint it =: 222,3,

Pi^ = 51,95. It appeared from these data that the three-phase pressure

lies higher than the vapour tension of the two components (at the

same temperature], and that therefore most probably the concentration

of the vapour lies between that of the coexisting liquid phases.

Whether, however, we had to do here with type 1 or 3, could not

be decided from these observations.

Before proceeding to an accurate investigation I purified the

hexane in the following way. A fractionation of the hexane yielded

a fairly large middle fraction of the boiling point 68.9° (range 0.1)

;

^^=234.55; Pt = 30.1. Accordingly only the critical temperature

had been appreciably changed by this fractionation.

Then the hexane was heated with reflux bv the side of sodium

') Those Proc Vol. XV p. 382, 383 and fig. 1.
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for 30 hoLus, then shaken with a siilpliurie acid-nitric acid mixture,

washed three times with a solution of potassium hydroxide, four

times witli water, dried on potassium hydroxide, and then fractionated.

Repeated fractionation, the last time on phosphorus pen toxide yielded

a large fraction, which distilled over within a range of 0°05. Boiling

point 69.0°. For the hexane purified in this way we found :

tk = 234.6 ; Pk = 30.15 .

The range of pressure for isothermal condensation, determined

about 10 degrees lielow the critical temperature, amounted to from

0.1 to 0.2 atmosphere.

By means of this hexane the critical endpoint was determined

with a pretty considerable quantity of water. (47 mol. 7o H,0).

This experiment yielded

:

tk = 222,05 ; Pi = 52,05.

These values ditfer but little from those which were obtained

with the impure hexane. So the stable part of the plaitpoint curve

on the hexane side extends over a range of 21,9 atm. and 12°,55.

3. In order to investigate the mixtures with a great quantity

of hexane, I have, starting from pure hexane, prepared mixtures

with increasing quantity of water, till 1 reached the critical

endpoint. Of these mixtures I have determined the initial and the

final condensations of the hexane layer. I have had to relinquish

the thought of a determination of the disappearance or appear-

ance of the waterlayer here as in my in\'estigation of the

system ether-water, as a slight quantity of water again becomes

invisible here. Besides, we could dispense with these determinations

as well now as on the former occasion, as their knowledge is

not required for an insight into the phenomena. For if there is no

layer rich in water by the side of the vapour and the liquid

i-ich in hexane the pressure deviates from the three-phase pres-

sure ; if thei-e is one, the pressure gets on the three-phase line

which is equal for all the mixtures, and reversely from the fact

that the found pressure deviates or does not deviate from the three-

phase line, determined with excess of water, we may conclude

whether we have to do with a two-phase or with a three-phase

equilibrium. Besides, in the observation of one or more points of

the three-phase curve, which was possible for almost all the mix-

tures if oidy the temperature be low enough, I had a criterion of

the purity of the mixtures The observations of these three-phase

pressures have bee;i given in the subjoined table 1, and deviate
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nowliere appreciably from the tliree-phase pressure of the mixture

with great quantity of water.

In tig. 1 the P-T projection is given of the vapour pressure lines

of the components, that of tiie hexane by AB, that of the water

b}^ CD. The critical point B of the hexane here happens to lie in

the immediate neighbourhood of the waterline, so that the volatility

of the two components at the critical point of hexane is equally

great. The vapour tension line CD of the water must be thought

prolonged towards higher temperature as far as the critical point of

water, which according to the latest determinations from the Deutsche

Reichsanstalt lies at 374° and 217.5 atm. ^) The three-phase line is

indicated by EF; hence it lies appreciably higher than the vapour

tension lines of both components.

On the plaitpoint line BF the critical points are given of eight

mixtures; in each of these plaitpoints the liquid and the vapour

branch of the sections for constant concentration meet. As a rule

only a small number of points of the vapour branch have been

determined, because at low temperature the volume would have to

be more considerably increased than the test-tube allowed. The

further continuation of the vapour branches towards lower tempe-

rature might be realized by a slighter filling of the test tube, but this

would at the same time increase the error in the concentration of the

mixtures. The examined mixtures all contain a great excess of

hexane ; the water-content varies between and 27 mol. percentages,

but if one considers that the molecular weight of hexane is almost

five times as great as that of water, and that hence the greatest

quantity of water only amounted to a little more than seven per-

centages by weight, and not even so many percentages of volume,

because the specific weight of hexane is smaller than water, it

appears that if the error in the concentration is to be small, a great

tilling is required. In this investigation just as in my investigation

concerning the system ether-water, a Cailletet tube with widened

upper end has rendered excellent services. The mixture that contained

the smallest quantity of water (2,3 mol. percent.), contained 3,4 mgr.

of water to about 700 mgr. of hexane ; when a Cailletet tube of

the common shape had been used, the total filling could at most

have been a fifth part.

For the mixtures from 5 to 8 (8 inclusive) the phenomenon of

the isothermal retrogade condensation could be clearly realized, as

in fact will also be clear, from fig. 1. In the neighbourhood of the

') Landolt BöRNSTEiN-RoTH, Tables p 447.
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critical endpoint the vapour branch of a ninth mixture is found in

the P-T-tigm-e, the water-content of vvhicli was somewhat e,reater

than corresponds to the critical endpoint, and the critical point

of which accordingly coincides with F, and no longer lies on the

stable vapour branch.

The distance between this concentration and that of the critical

endpoint, however, is so small that the vapour branch still terminates

on the three-phase line in the immediate neighbourhood of the critical

endpoint. With still greater watei'-content the point of intersection

of vapour branch and three-phase line moves to lower tem])erature,

and then the vertical tangent will disappear from the stable part

of the vapour branch, and this will put an end to the retrogade

phenomenon ; I have, however, not continued the investigation of

this, as it was perfectly needless for the insight into the phenomena.

I have realized the intersection between the liquid branch and

the three-phase line for the mixtures from 3 to 8 inclusive ; below

these points of intersection these mixtures yield the three-phase

pressures which are equal for all concentrations, and hence the

criterion of purity which I mentioned in the beginning of this

paragraph. I have not prolonged the liquid branches of the mixtures

1 and 2 so far that the above-mentioned intersection takes place,

as this intersection takes place outside the temperature range inves-

tigated by me.

The investigations which have served for the construction of

figure 1, are collected in table 1. The vapour tension line of the

hexane, the three-phase line determined by means of a mixture with

about 47 mol. percent, of water, besides the observations obtained

with the nine above-mentioned mixtures, are found there. In the

table the critical data are given in bold type ; above them the

values of the liquid branch, below them those of the vapour branch

are given.

4. I have constructed the T-.v projection of tiie critical line in

fig. 2 by the aid of these data; this projection appears to deviate

only very little from a straight line. In the same figure are also

given the points of intersection of the liquid branches of the sections

for constant concentration of the above-mentioned mixtures with the

three-phase line. These points of intersection indicate the states where

liquid rich in liexane exists by the side of a very small quantity of

vapour and of liquid rich in water, and so the locus of these

points of intersection yields a liquid branch of the three-phase region.

In the critical endpoint this branch passes with a horizontal tangent
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into the vapour branch which extends towards higher water concen-

trations and is not drawn in the figure. In an analogous way the

P-x projection of the phxitpoint curve and of the liquid branch of

230

the three-phase region is indicated in fig. 3. It appears again that

both lines have a perfectly regular course; the projection of the

plaitpoint line has a feeble curvature; it is concave seen from below

;

here too the liquid branch of the three phase equilibria is connected

will) the not drawn vapour branch by means of a horizontal tangent.
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Tlie second iMterseclioii of (hese lines occnn-ing in this lignrc is of

course quite incidental, i.e. the point of intersection has no special

physical signification.

Finally I have given in fig. 4 the P-x section for the temperature

of the critical endpoint. In this section the initial and the final

condensations of the hexane layer are found ; the liquid branch is

again in connection witii the vapour branch in the ci-itical endpoint

;

the retrograde porti(-n of the vapour branch is only narrow. The

above-mentioned ninth mixture has served to determine the point of

the vapour bi-anch which lies at higher water concentration than

the critical endpoint.

5. When #e now review the results yielded by this investigation,

it appears that this system really belongs to the type whicli we
denoted by 1 in §1; in the J'-.i' projection the critical line, namely,

descends, proceeding from the hexane side towards greater water

concentration; a minimum temperature is, however, not reached, as

the endpoint of the three-phase line appears before that time. Hence

the minimum that was to be expected lies in the covered region.

It is, however, remarkable that the T-.r-projection does not betray

the tendency towards this minimum; if there is question ofa curva-

ture, it would sooner have the opposite sign. And an analogous

particularity also presents itself in the P-T projection; the curvature

of this projection would theoretically have to be expected so, that

the tendency to the reaching of a vertical tangent is expressed ; the

curvature lies here, however, certainly to the other side. So in con-

nection with the theoretical considerations we should have to conclude

here to the existence of a point of inflection in the plaitpoint line

in the covered region.

6. When comparing the pressures of the threephase equilibrium

with the vapour tensions of the two components, we come to the

remarkable conclusion tliat the thrce-pliase pressure is higher than

the sum of the vapour tensions of the components at the same temper-

ature. This conclusion appears from table 2, in which the difference

between the three-phase pressure and the sum of the vapour pressures

for some temperatures ai'e given.

The difference of presoui'e appears to increase with the tempera-

ture, so that it has reached its greatest value of a little more than

three atmospheres at the critical endpoint.

These facts seem astonishing at first sight, because one is natur-

ally inclined to consider the vapours of the two components and
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TABLE 2.

Tempera-
ture
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So ill this water layer we meet witli a solution in which the

hexane occurs in "gas concentration". If we now question what

osmotic pressure would occur when we bring this hexane-water

layer (in three-phase equilibrium) into contact with pure water by

means of a membrane only permeable to water, we can therefore

easily calculate this pressure by the aid of Van 't Hoff's laws

on the osmotic pressure. In the three-phase layer rich in water

less than 0.06 gram-molecule of hexane is found to 100 gram-

molecules of water. A hundred gram-molecules of pure water

have a v^olume of 1,8 X 1,195 liters under their own vapour pres-

sure at 220°, as the specific volume of water at this temperature

amounts to 1,195. Now the pressure on this water layer at 220° is

not the saturated vapour pressure of water (22,9 atm.), but the

three-phase pressure (50,2 atm.). So we should have to take the

compressibility of water into account at the said temperature. As,

however, the water is here still xery far from the critical tempe-

rature, the compressibility is probably slight here, and roughly

we may estimate the volume at 1.8X1-195 liters := 2.15 liters.

A gram-molecule of iiexane, therefore, is found in more than

2.15
liters = 36 liters.

0.06

At 0° C. and one atmosphere one gram-molecule of gas occupies

273 + 220
a volume of 22,41 liters, so at 220° C. one of ~ 22.41!.=

273
40.5 1. Hence the osmotic pressure of the hexane is smaller than

40,5—7- or about 1.1 atmospheres.
36

So the three-phase mixture with a pressure of 50.2 atm. would

be osmotically in equilibrium with water of 50.2 — 1.1 = 49.1 atm.

If, therefore, the pressure of the pure water is lower than 49.1

atm., water from the three-phase mixture will pass through the

membrane, and so when we bring tiie three-phase mixture into

contact with water under its saturated vapour pressure (22.9 atm.),

water passes through the membrane. Hence we should get here

unmixing, so splitting up of the hexane-water mixture in the components.

One might surmise a contradiction here to the second law of

thermodynamics. For if one considers that hexane and water both

under their own vapour pressure, spontaneously mix under formation

of the three-phase mixture, and that the three-phase mixture on the

other hand cedes waicr to water under its own vapour pressure

through a semi-permeable membrane, one might conclude to a con-

flict with the second law. But of course this is only seemingly so.
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In case of osmotic* equilibrium the thermodjiiamic potential of the

water is equal on both sides of the wall. If water under vapour

pressure is brought into contact with the three-phase mixture, un-

mixing will take place as appears from the above calculation ; so

the thermodynamic potential of the water in the three-phase mixture

is greater than the thermodynamic potential of the water under

vapour-pressure.

Reversely if in a vessel water by the side of vapour is made to

mix with hexane by the side of vapour, we shall have to conclude

to a rise of the thermodynamic potential of the water.

In order to examine whether the same thing is also the case for

hexane, we must be able to calculate the osmotic pressure of the

three-phase mixture with respect to a wall permeable to hexane.

This, however, is impossible, as the fluid phase contains about 27

mol. percent, of water at the critical endpoint, and can, therefore, no

longer be considered as dilute solution. It is, however, possible to

find out something about the value of the osmotic pressure of the

binary equilibria in which dilute solutions of water take part. When,

for instance, the P-.r section foi- the critical endpoint (tig. 4) is

considered, it appears that a liquid with 2 mol. percent, of water

possesses an external pressure of 28 atm., if it coexists with vapour.

This solution contains one gram-molecule of water to 49 gram-

molecules of hexane. The specific volume of hexane at 222° amounts

to 2,69 according to Young. Now at this temperature the hexane

is not far from the critical temperature, and we must, accordingly,

expect a pretty great compressibility. If the compressibility were

zero, the volume of one gram-molecule of water would amount

to 49 X 86X2,69 c. c. or about 11,3 1. As now one gram-

molecule of gas occupies a volume of 40,6 1. at this temperature

under the pressure of one atmosphere, the osmotic pressure of the

mixture with respect to a membrane permeable to hexane would

amount to about 3,6 atmospheres. The difference in external pressure

between the mixture and tlie pui-e hexane under the vapour pressure

is, however, three atmospheres. So we conclude that in the experi-

ment in which the two-phase mixture (2 mol. "
„ of water in the

liquid) is brought into contact with hexane under the vapour-pressure

by means of a membrane only permeable to hexane, hexane will

pass to the two-phase mixture. The compressibility does not affect

this conclusion, as the osmotic pressure is still increased in conse-

quence of the compressibility, and the qualitative result can, there-

fore, not be modified by it.

If this behaviour continues to exist for greater concentrations, the
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three-phase mixtui-e sepcarated hy a rneinbrane fVoin pure hexane

would absorb hexane, hut separated fVoni llie pure water it would

expel water. So the thermodynamic potential of the water in the

three-phase mixture is greater than that of pure water; that of hexane

would be smaller than that of pure hexane on the said assumption.

If hexane and water is brought together each under its own vapour-

pressure, three-phase equilibrium sets naturally in. In this a rise

occurs in the thermodynamic potential of the water.

The thermodynamic potential of one component in a binary mixture

is indicated by

:

\d.vJpT

If in a pure substance .4 a little of a second substance B is

dissolved, the thei-modynamic potential of A is changed by an

amount

:

fdZ\ fd"Z\ f d''Z\
dM^H, = -r- dp — w[—j\ d.x — x\ --— dp

or

For a dilute solution this value becomes:

dM^ II , = rdp — MR Td.v.

This value is zero for osmotic equilibrium and the osmotic pressure

is indicated by

:

MRT
dpo= dx (1)

V

If now the change of the external pressure is considered when
a little of B is dissolved in A under the vapour-pressure in such

a way that the obtained solution is again under its own vapour

pressure, then

:

/'d'Z\
^1 <^P — l'^^

—
'^-'i)

-!—„ d^x'
\d.v,-J,>T

Hence the change in external pressure amounts to :

For dilute solutions the gas volume v^ may be substituted for?;,^,

if the temperature does not lie in the neighbourhood of the critical

temperature; hence:

dp — ^'~^'
MRTdx, (2)

27

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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If then the expressions fl) and (2), are compared, it appears that

the vahie of dp can be greater or smallei' than dp^. ¥ov tlie same

solution dx is namely ^ d,i\. Hence if >— the change in
.t'j V

external pressure will be greater than the osmotic pressure; if

V.
-<^~ the osmotic pressure will increase more rapidly than the

pressure along the liquid binodal. In the tirst case the thermodynamic

potential A will be greater in the mixture than in the pure state;

in the second case it will be smaller. The former is the case for

the dilute solutions of hexane in water; the latter for dilute solu-

tions of water in hexane.

The case, therefore, which presents itself on the waterside will

.evidently in general be found when the liquid branch in the P-a'

section rises very rapidly in pressure with increase of x, i.e. much

more rapidly than the corresponding gas binodal. Then the value of

~ can be greater than the quotient of vapour- and liquid volume.

The discussed phenomenon will, accordingly, be met with in several

cases. Solutions of gases sparingly soluble in water, e.g. hydrogen,

will certainly present the same phenomenon.

Anorg. Chem. Laboratory of the Universitii of Amsterdam.

Physiology. — " Variations of state in gelatin-solutions.'" By

L. Arisz. (Communicated by Prof. H. Zwaardemakkr
)

In a previous communication^) a number of experiments were

discussed from which it appeared that a gelatin-solution undergoes

a change by a variation of temperature, in consequence of which

the intensity of the TvNDALL-phenomenon assumes another value

under for the rest equal conditions. The following formula has been

given by Lord Rayleigh for the intensity of the Tyxdali.-phenomenon:

V = size of the particles

r rr: distance of the particles

7. =z wavelength

As particles to which the dispersion must be attributed the gelatin

1) These Proc. XVI p. 331.
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particles are chiefly to be considered. It may be derived from the

formula that when the size of the particles increases n' times (and

as the concentration remains equal the distance increases ?i X) the

intensity becomes n' X greater. I
_
belie\'e that there is, therefore,

every reason to assume that a modification in the size of the gelatin-

particles is responsible for the investigated phenomenon.')

A number of other variations in the gelatin solutions always take

place perfectly continuously, nor is a sudden change of intensity

ever observed in the Tyndalj. phenomenon at a definite temperature.

So there cannot exist a temperature at which the size of the gelatin

particles suddenly changes; it must much sooner be assumed that

large and small particles always occur side by side, and when in

a solution a change of the intensity takes place, this points to a

modification in the mutual relation. It is probable that there exists

a great number of possible combinations; for simplicity's sake it

will be assumed in what follows that the gelatin only occurs in

two forms, large (L) and small (S) particles, so that we may say

L = f{T\.

I have supplemented my earlier determinations by ascertaining

the relation between the temperature and the equilibrium intensity

at that temperature for several concentrations. Again a solution

containing glycerin was used for this. I did not consider every state

which remained constant at a certain tempei-ature, as a true equi-

librium. This was only done when it appeared to be the limit which

was reached in course of time, both when the initial intensity was
greater and when it was smaller. The results are given in fig. 1.

For each of the examined concentrations the intensity at 70^ has

been assumed as unity; so it is only possible to draw conclusions with

regard to the way in which the equilibrium intensity varies with

the temperature: the figure is not adapted for a comparison of the

absolute values for the different concentrations. For so far as the

character of the equilibrium line is established, the line is drawn;
when this is not the case, it is dotted; the dotted part is left out

of consideration here.

If the variation of the intensity only depended on the temperature,

the curves for the different concentrations would have to coincide.

This is, however, by no means the case: for the V4 7o solution the

line ascends only slowly from right to left throughout the inves-

1) See also von Menz. Zs. f. Pliysik. Ghem. 66. 129. 1908. Bachmann Zs

Anorp;. Gliem. 73. 1911.

27*
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tigated temperature region. For the 1 "/„ solution a more i-apid rise

sets in at + 30°, and the 5 "/o solution exhibits a similar gradual

£^l

\£|a

iir 3^' IfO' So' 60' \o' do'

Fig. 1. Variation of the inleusily of the Tyndall-phenomenon

with the temperature in a Vi o/l> 1 '','0. and 5 7o gelatin

glycerin solution.

change of direction already at + 55°. It is clear that the change of

intensity does not only depend on the temperature, but also on the

concentration ic) of the solution. And the number of large particles

beinf estimated from the intensity, the formula may be extended to:

L

It is also indicated in fig. 1 at what temperature the transition

from sol into gel will take place. When the decision whether the

solution is sol or gel is never given before the system is in equilibrium,

it can be accurately determined whether a liquid or a solid state

belongs to a temperature. The V4 "/o solution is always a sol in the

examined temperature region ; the J "/o solution is a gel below 19°,

the 5 7o solution below^ 40°. F'or every concentration therefore, a

limiting value of the number of large particles can be assumed; the

solution is a gel if this number is greater than that limiting

value, and a sol in the opposite case. This limiting vahie evidently

does not lie where the more pronounced curvature (in fig. 1) begins,

but only at a somewhat lower temperature.

The variations of the number of large particles may be estimated,

besides by means of the TYNDAi.i.-iiitcusily, also by means of the

viscosity. A uiodiliration of the laitcr is namely always attended
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with one of Ihe light intensity. It is therefore possible to consider

an increase of the viscosity as a proof that large particles are formed,

whereas disappearance of large particles will always manifest itself

by a decrease of the viscosity.

Hitherto experiments have been discussed,' in which the concen-

tration was kept constant. I will now proceed to examine the relation

=f{T,c.) for constant temperature. In contrast with the

preceding ones these experiments have all been made with a solution

of gelatin in water without any addition. Beforehand the gelatin

used was freed from all salts etc. in water, and dried over H^SO^

in vacuo.

The simplest case that we meet with is the dilution of a gelatin

solution which is a sol. We started from a 72 "/o solution, which

was nicide at 70°, and was then kept at 20° for live days. During

this time a considerable increase of the viscosity was found, from

which it might be inferred that the number of large particles increased.

This solution was diluted at the same temperature with an equal

amount of water to V4Vo> ^^^ then the change of its viscosity was

determined from time to time. It appeared that a decrease took

place. This may be represented in the following way. In fig. 2 the

viscosity is indicated on the ordinate, and the concentration on the

abscissa. N—N is the equilibrium line, which lias been drawn so

c>[cCAi^/ru. S^ U'C^fcV.

Fig. 2. Influence of the dilution of a gelatin solution

on the viscosity.

NN is the equilibrium line,

the arrows indicate in which direction a change

takes place.
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(lull the viscosity inc-reases with increasing; gelatin-content. As the

variations of the viscosity as a consequence of the heating in the

V2 " solution had not yet ceased at the moment of the dilution,

we must assume that the equilibrium between large and small particles

had not yet set in. The state for the cone, c^ (Vs 7o) i^i^st therefore

be represented by a point below the equilibrium line, e.g. a. At

the moment of the dilution from c, to c^ the number of large parti-

cles undergoes only a slight variation, so that for c, the state may

be represented by /;. This point lies above the equilibrium line ; a

gradual diminution of the viscosity is the consequence of this, which

does not cease until the state of equilibrium p is reached.

That actually an approach to the equilibrium at the given tem-

perature and concentration takes place, may be proved by heating

part of the diluted (74 7o) solution at 70° for some minutes, and

then reducing it again to 20°. At this high temperature the equi-

librium ratio is quickly reached for the 74 7o solution, so that after

the cooling there are fewer large particles than at the equilibrium

(represented by d in fig. 2) ; now an increase of the viscosity must

be found. It appears from table 'J that a tendency really exists in

both cases to approach the same final value.

TABLE 1.

Variation of the viscosity with the time at 20° in a '/4O/0

solution, prepared by dilution of a ^'2% solution (the

viscosity of water at 20° taken as unity).

time
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The same thing has also still proved possible when the nnmber
of large particles has about the limiting value. At 12° gclatification

begins to set in, for the Va 7o solution after 5 days. After the dilution

to ^J^ \\ the state of mixing was imperfect for a time, which follows

from the irregular values of the viscosity determination. The following

days these irregularities appeared to vanish, and a marked diminution

of the viscosity could be demonstrated. To facilitate a comparison

in the subjoined table also the variations have been given which
the ^1^ "/, solution exhibits after a previous heating at 12°.

TABLE II.

Variation of the viscosity with the time at 12° in a 14%
solution, prepared by dilution of a gelatinized "2° solution.

time viscosity

+ 12.8

after 20 hours] ±12.6

„ 36 . 10.8

r.
60 „ 9.95

Variation of the viscosity with the time at 12° in the

same solution after heating at 70°.

time
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remaining at first in the solid state. {Imbibition). The 'rate at which

the water is absorbed nia_y be determined by weighing. The first

stages of this process have been expressed in fig. 3. The line exhibits

a curvature, which points to a decrease of tlie velocity with which

water is absorbed with increasing water-content. When, however, the

water-content of the gel has attained a certain limit, a segregation

of the solid mass sets in ; it separates into flakes which become

smaller and smaller till at last a state is reached in which the

gelatin is uniformly distributed throughout the water {Solution).

This whole series of changes must be considered as a penetration

of the water between the gelatin pai-ticles, which are at first in

close contact with each other, which connection, however, is gradually

lost. So by the loords imbibition and solution two parts of the same

process are indicated.

When dry gelatin and water are brought together at temperatures

above 30°, the same process takes place. At 30°, however, it is

more ttian 24 hours before the final state is reached; at higher

temperature the process is much quicker.

Below 30° the velocity with which the water enters the gelatin,

is still much smaller. Here too it decreases with increasing water

content, but a consecpience of this is that a uniform distribution of

TABLE III.

Influence of the temperature on the velocity with which

100 mg. of gelatin dissolves in water.

Temp.
Duration of

the solution

30°

35°

40°

50°

70°

> 24 hours

2'/2 »

13 minutes

±2 „

+ 2

gelatin and water is no longer reached. Tiie lower the temperature,

the slighter the velocity with which water is absorbed, and ihe

smaller the water content at which the velocity becomes infinitely

small. The permanent state then reached is indicated as maximum

of imbibition.
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Fig. 3.

Imbibition of dried gelatin in water. The ordinate marks
how many grams of water 1 gram of gelatin has absorbed.

On the abscissa the time.

TABLE IV.

Influence of the temperature on the velocity with which gelatin imbibes water.
Quantity of water which 1 gr. of gelatin has absorbed.
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billion of gelatin and water, hence a trne eqnilibrinin ; below 3T)°

this uniform distribution has not yet been reached in the final state

:

the inaxhnwn of imbibition is an apparent equilibrium.

Besides, by the above considerations the validity of this thesis is

proved by the fact that the maximum of imbibition entirely lacks

the characteristics of a true equilibrium. When a sheet of gelatin

that has imbibed water, is heated with the water to such a

temperature that a uniform distribution of water and gelatin

takes place, and then cooled down again to the original temperature,

there is no question of a separation into two phases, water and

"gelatin of maximum imbibition." To be sure a true equilibrium is

not established in the solution then either, but the uniform distribution

is retained. Besides it is, however, possible to show that at every

temperature by the side of water not only a single "maximum of

imbibition" can exist, but an infinite number. Which of them is

reached in each special case depends on tlie state in which the

gelatin is brought together with the excess of water.

It has appeared in table 4 that anhydrous gelatin at 12° reaches

the final state in water, when a ten-fold weight of water has been

absorbed. When a lOVn gelatin-gel, prepared by dissolving anhydrous

gelatin at 70°, and then cooling it, is brought into an excess of

water, the weight remains by no means unchanged. An important

quantity of water is absorbed, and with the exception of the first

hours, at a rate which exceeds the imbibition of dried gelatin. The

determinations have not been carried on till a permanent state set

in, but the gradual diminution of the velocity suggests that it must

really exist, and then not a lÜ7o, but a 5"/^, gel remains unchanged

by the side of water.

It is found in the same way that also a 5"/^ and a 27o gel

increases in weight in excess of water.

TABLE V.

Influence of the concentration of the gel on the rate at which it imbibes

at 12°. Quantity of water which 1 gr. of gelatin has absorbed.

anhydrous
gel

after 5 hours — gr.

„ 20 „
I

10.65 „

44

68

92

11.01 „

10.98 „

lOO'o gel

12.68 gr.

16.59 „

17.95 „

18.47 „

18.70 „

5% gel 20/0 gel

23.85 gr.

28.23 „

31.62 „

32.80 „

33.80 „

66.90 gr.

94.70 „

96.00 „

97.10 „
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The leftlmnd ends of these curve? indicate the quantity of water

present in the gelatin gel at the moment that it was brought into

contact with an excess of water. It is seen from their course that

$0

So

10

,Jo

rJ*
>

So

00

Uji. ^6^• S^c hba^.

Fig. 4.

Imbibition of gelatin gels of different concentrations. The

leftside ends of the curves indicate with how many
grams of water 1 gram of gelatin was combined to a gel.

On the abscissa the time.

the more water is absorbed and that the rate at which this

takes place, increases, as the water-content is already greater at the

outset. The different water-content can, however, not be the essential

factor, for the same' concentration is found at the end of one and

at the beginning of another line. The cause must lie in the gelatin.

Diagram tig. 5 enables us to form an idea of all these changes.

The gelatin solution must be considered as a pseudo-ternary

system with water, large particles, and small ones as components.

The line N—N is the equilibrium line. It has been drawn so

that in anhydrous state the number of large particles has the greatest

value, and in great dilution the smallest value, in this it is assumed

that these two kinds of particles are always present side by side.
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Whether an approach to the vahie of equilibrium occurs for constant

concentration will depend on the place which the point representing

the state, occupies. The part of the figure left of the equilibrium

(^xaott>. id&fcjci

Fig. 5, NN IS the equilibrium line.

G G 'is the sol-gel boundary.

L L is the line of the imbibition-maxima.

MM M' M' are Iho boundaries of the region, in which the approach to the

equilibrium takes place infinitely slowly.

aa', bb' etc. represent the changes which the system undergoes.

line is split up into two parts by M—M, and likewise a line

M'—M' is given on the right side of the line of equilibrium. If

the state lies above M—M or under M'—M' , an approach to the

equilibrium takes actually place; in the portion of the figure between

M—M and M'—M' the velocity of the approach is, however,

infinitely small, so that every state remains practically constant here.

A change of the number of particles in this region can only be

the consequence of a change of the concentration. The representation

of these two lines rests on the supposition that a change in the

number of large particles will be the more difficult as there are

already more lai-ge particles present, and as the water-content is

smaller.
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111 tlie second place a line G— (7 (sol-gel limit) is indicated. It

intersects the equilibrium line in a point wliere the number of large

particles has the above mentioned limiting-values.

It has further been assumed that a solution which consists exclusively

of small particles is already a sol with very slight water-content.

and one in which exclusively large particles occur, is only a sol in

very great dilntion. Hence a state denoted by a point on the left

side of this line is a gel, and on its right a sol.

Finally there is still a line L—L, on which the ditferent maxima
of imbibition lie. The occurrence of maxima of imbibition though

there exists a tendency to a uniform distributed of all the gelatin

and water present in the system, leads to the supposition that

the gelatin i)articles exert a force on each other, which opposes

the segregation of the parts when water is imbibed. As the

maxima of imbibition lie the higher as the imbibing gel contains

less gelatin, and a small number of large particles goes together

with slight concentration of gelatin, this line has been traced so

that only little watei is absorbed for a great number of large

particles, whereas with decreasing number of large particles the

water-content augments. The maximum of imbibition becoming identical

to a state of uniform distribution at the limiting value, the line

L—-L must gradually approach to the sol-gel limit G— G, and

linally coincide with it. If, the equilibrium being denoted by j), the

state is represented by a point of the line L—L, e.g. a\ this means

that so much water has been absorbed by the gelatin as the place of

a' indicates, the rest of the water being present in free condition.

If by means of drying, water is extracted from a gelatin

solution, whose state isrepresented by p, the concentration increases

slowly and the number of large particles augments. The change can

take place along the line p
—a, which lies wholly on the right of

the equilibrium line, so that in anhydrous state a number of large

particles exist as indicated by a.

If this dried gelatin is suddenly .brought into contact with so much
water that the equilibrium in the system is again represented by p,

there exists in the first place a tendency to absorption of water,

and moreover a tendency to a diminution of the number of large

particles. As a result of both the change of a will take place in the

direction a—a'; it will be along time before the distance a—a' is covered;

every quantity of absorbed water causes large particles to disappear,

and this renders the absorption of more water possible; this goes

on till the line of the maxima of imbibition is reached. A further

absorption of water would have to take place along the line L—L,
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when a diminution of the number of large particles to the equilibrium

value could take, place. As a, however, lies in the area between

M—M and M'—M' , this change does not take place, and the

reached condition continues to exist.

The same thing takes place when the relation between small and

large particles is another than a, e.g. h or d. In these cases the

change must take place resp. along /;

—

h' and d—d' ; and when

consulting the figure, it is easy to see that the more water will be

absorbed bj the gel as there are fewer large particles present at the

beginning. These smaller values are found in aqueous gels. Point

b" can be reached, as was stated in table V and tig. 4, by heating

a gelatin solution with the concentration a' , and allow it to gelatinize

again ; transforniation of small particles into large ones taking place

later, at the moment that the condition is represented by b" the

change of concentration can take place, which then proceeds along

/;"

—

b', till the permaneut state b' has been reached.

As the gelatin solution was already moi-e dilute before the addition

of the water, it has a smaller number of large particles immediately

after the gelatification. This implies the fact established above that

a gel imbibes the more water as it contained the more water

beforehand.

If on cooling the limit between sol and gel is about reached, the

condition along the line e— e' changes on addition of water, so that

though a uniform distribution is attained, the condition still differs

from the equilibrium by a too great number of large particles. This

case is the same as was mentioned in table II: in the part of fig. 5

on the right side of the G—G limit the changes are as described

above for dilution of a concentrated sol.

It has already been pointed out that dry gelatin does not "dissolve"

in water, but "imbibes", because there are many large particles in

this condition. Through a special treatment of a gelatin solution,

liowever, the gelatin may be made anhydrous in such a condition

that it consists almost entirely of small particles. This condition may

be represented by h in fig. 5. If so much water is added to gelatin

in this condition that the equilibrium of the system is brought top,

the change must be represented by h— h' , and a perfectly homogeneous

state of uniform distribution of gelatin and water must also occur

at 12°.

The separation between gelatin and water must not be effected in

this case by drying, but by freezing. When a dilute gelatin solution

(V4 7o) of i 70° is suddenly reduced to a temperature below the

freezing-point, the gelatin very quickly gets into the temperature
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region where a change practically no longer takes place. Dnring the

ice-formation all the water is extracte-l from it wilhonl a possibilit}-

of large particles being formed. By subsequently raising the temperature

above the freezing-point this anhydrous gelatin is brought in contact

with excess of water, on which immediately a condition of perfect

homogeneity sets in
; not only is the solution perfectly transparent,

bnt there is not a single local irregnlarity to be seen, and it flows

so regnlarly through a viscosi meter as can only be expected from

perfectly homogeneous liquids.

If during the freezing many large particles are formed, the possi-

bility of a perfectly regular distribution after the thawing is excluded.

The absoi'ption of water by the gelatin follows the type of imbibition.

We then have as it were an infinite number of small gel-particles,

which retain their individuality". A more or less turbid, opaque mass

is obtained, which does not get clear again without heating.

* In conclusion a remark on the signification of the quantity of

water, with which the gelatin is brought together. For the imbibition

it is practically immaterial whether so much water is added ttiat the

condition of equilibrium bec(»mes p or /•. If, however, the quantity

of water is very slight, things aro different. If for the anhydrous

gelatin the condition a (fig. 5) is assumed, so great a tendency to

diminution of the number of large particles will not exist in this

case that the change is represented by df — a' ; but a line will be

followed along which the number of large particles changes but

slightly: a — z. The change may of course go so far until the line

of the maxima of imbibition L — L is reached, and no further;

and as appears from the figure it is reached here at a slighter water-

content than when the change was represented by a— a' . Absorption

of only a very small quantity of water takes place when the dry

gelatin is brought in contact with water-vapour. Imbibition in water-

vapour and in water cannot lead to the same result.

Here the paradoanl plienomenon described by von Schroeder will

be recognized that gelatin ivhich has had a maximum imbibition in

vapour, absorps a great deal of water more lohen it is subsequently

immersed into liquid ivater, which he thought in conflict with the

second law of thermodynamics. Led by the given considei-ations it

is possible to form a conception of the influences that come into

play here.
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Physics. — "Mdgnetic researches. IX. The deviations from Curie's

laiv in connectio7i with the zero-point energy''''. By E.

OosTERHUis. Supplement N". 31 to the Communications from

the Plijsical Laboratory at Leiden. (Communicated by Prof.

H. KAMERlilNGH OnNES).

(Communicated in the meeting of June 28, 1913).

§ 1. Curie ^) found that for a number of paramagnetic substances

the susceptibility is inversely proportional to the absolute temperature.

Later measurements have shown, however, that with many substances

considerable deviations from Curie's law occur. They were first

disclosed about simultaneously by an investigation of Honda ^) fafter-

wards continued by Owen')) who showed that the majority of para-

magnetic elements does not obey Curie's law and by an investigation

of liquid and solid oxygen by Kamerlingh Onnes and Perrier'), which

proved that a substance which follows the law at higher tempera-

tures, may begin to deviate from it at lower temperatures. Liquid

oxygen showed an increasing deviation with falling temperature

approximately in accordance with the relation )i=:CT—^ (x : sus-

ceptibility per gramme, 2-. absolute temperature); with solid oxygen

at hydrogen temperatures the susceptibility deviated even more and

seemed to approach a constant value. The investigation at low

temperatures which promised to give an insight into the nature of

paramagnetism ^) was continued by Kamerlingh Onnes and Perrier ")

with several other substances. By the results obtained they were led

to the conception that for all paramagnetic substances or at least

for one class of them the deviations from Curie's law are governed

by a law of corresponding states, the corresponding temperature for

each substance to be taken proportional to a certain temperature

characteristic of that substance. The data obtained later on by

Kamerlingh Onnes and the author ') may serve to confirm this view,

as will be shown in § 7.

The majority of the substances investigated in the cryogenic labo-

ratory at Leiden may be reduced to the following three types :

1) P. Curie. Ann. chim. pliys. (7). 5, p. 289; 1895.

2) K. Honda. Ann. d. Phys. 32. p. 1027. 1910.

3) M. Owen. Ann. d. Phys. 87. p. 657. 1912.

•*) H. Kamerlingh Onnes and A. Perrier. Gomm. N**. 116 (April 1910).

B) Comp. H. Kamerlingh Onnes, Comm. Suppl. N^. 216.

6) H. Kamerlingh Onnes and A. Perrier, Comm. Nos 122a, 124a.

7) H. Kamerlingh Onnes and E. Oosterhuis. Comm. Nos. 129Ö, 132e, 134rf.
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a. For some substances (crystallized ferrous-sulphate, crystallized

manganese sulphate etc.) the relation x^^ constant was found to hold

as far down as the temperature of liquid nitrogen, but at hydrogen

temperatures ^/^T was always found smaller than would follow from

Curie's law.

b. With other substances (e, g. anhydrous manganese sulphate) the

product yi^T began to diminish at once when the temperature was

lowered below room-temperature; in that case the relation x( ^4- A)=
constant appeared I o hold for the range between ordinary tempera-

ture and nitrogen-temperatures ; in liquid hydrogen, however, further

deviations became apparent.

c. With platinum the susceptibility was found to change very

little with temperature and in the range between liquid nitrogen

and liquid hydrogen to be almost independent of the temperature,

entirely' in accordance with the results of Honda and Owen who
found the product 'ji^T for platinum (and for many other elements)

to diminish continually with falling temperature.

§ 2. Langevin ^) in his kinetic theory of paramagnetism has given

a theoretical deduction of Curie's law. He finds, that the suscepti-

bility is inversely proportional to the kinetic energy of rotation of

the molecules. When this energy is taken proportional to the absolute

temperature, this gives x proportional to — or tT = constant, i.e.

Curie's law.

§ 3. It seems natural to try an explanation of the deviations from

Curie's law by dropping the assumption that the rotational energy

U of the molecules is proportional to the absolute temperature and

adopting a different temperature relation for U'^).

In a different connection Einstein and Stern ^) were led to the

assumption that the rotational energy of a molecule with two degrees

of freedom is equal to

hv 1

+ ^hv (1)

elcT_i

1) P. Langevin, Ann. chim. phys. (8) 5, p. 70; 1905.

2) Kamerlingh Onnes and Perrier ascnbed the deviations from the law to

the electrons freezing to the atoms, in consequence of Planck's vibrators coming

to rest. In that case, if the rotational velocities remain proportional to l^T, the

susceptibility approaches a constant value. In this paper a theory is developed in

which the elementary magnets themselves remain unchanged.

=5) A. Einstein and 0. Stern, Ann. d. Phys. 40, p. 551; 1910.

28

Proceedings iloyal Acad. AiiiSteruLim. Vol. XVI
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[1} = frequency of the rotationiil movement, h and /• the constants

in Planck's radiation-formula). The connection between U and T,

assuming v independent of the tempera-

ture, is then approximately as indicated

by curve 2 in the figure. The straight

line 1 gives the relation according to the

original assumption: U^kT.
The form (1) gives for T—0 a value

1

J^ of U differing from 0, viz. = — liv. If

11
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platinum, and the other substances which have been investigated in

liquid hydrogen show a siinihxr tendency. There is therefore every

reason for the assumption of tlie temperature-function (1) with the

inclusion of a zero-point energy.

§ 5. It was further tried for a number of substances, whether the

dependence of the susceptibility on the temperature is in quantita-

tive agreement with the above hypothesis. In the calculations the

frequency v which occurs in the formula for U was not taken in-

dependent of the temperature (r independent of T gives the curve 2

but following Einstein and Stern it was assumed that

U
^^ = 2^0^ • • (2)

The change of U I or —
J

with T according to the relations (1)

and (2) is represented by curve 4 ; i\ is the value which v assumes

at very low temperatures -. it is related to the moment of inertia I

of the molecule by the formula

"" = 4^7 (»)'»

In the first place it may now be observed that for temperatures,

which are not too low, the relation between ü and T expressed

by (1) and (2) leads to the empirical relation •/ (7"-]- A) =: const.,

which was deduced from the observations (comp. ^ 1). This is seen

by developing (J) in a series and neglecting the terms beyond the

third which is certainlj^ allowed for high values of 7^; this gives

rr . / ^ 1 I hv\ 1

1 h'v'U=kT -\^ 12 kT

U
When we substitute : v"^ = 2v\ — in this, we find

h

1 hv,
U=kT-\ ° U

6 kT

^) The relations (2) and {3) are at once arrived at when it is remembered that

C7=— 7(2tv)2. For T=0 this gives: — h^o = ~ I {2,rv,)^ or v,

^'

2
^"^"-

2 " 2
^'"'"" "^ '"~4^'r

When this is introduced into U= -—1(2^.)- the result is (2).

28*
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kTT { 1 liv\ { 1 hv\
—kT\ 1 + '-\^ k\ T -\ ^ =:/.(T-f A).

1 hv, V <5 kTj \ ^ Q k J ^ ^ '

6 kT

As further bj h^'pothesis — is proportional to U, the following
/

relation is obtained

— =C(r+A) or x(^4-^)=C', which is the relation found
X

empirically e.g. for anhydrous manganese sulphate above nitrogen

temperatures. That for other substances, like crystallized manganese

sulphate above nitrogen temperatures, Curie's law was found appro-

ximately fulfilled, is obviously due to a small value of Zi, or of —

.

u
By means of formulae (1) and (2) the value of — was calculated

kT

kT
for a series of values of — ; it the underlying suppositions are correct,

— must have the same relationship to T for a paramagnetic sub-

U kT ^ , ... J
stance as —^^ to — . The comparison of the two functions is made

kl' hv^

by means of logarithmic diagrams^); in the one diagram the abscissae

kT U
were loq — and the ordinates loq -y,, in the other log T and

' hv^ " kT

log —y respectively. For nearly all the substances examined the curves

could be made to coincide with sufficient approximation. The shift

along the axis of abscissae required to produce coincidence gives

the value of — for the substance under consideration.
k

Subjoined in the two tables are the results obtained for two of

the substances. At the head of the table is found the value of —

-

k

which has to be assumed for the particular substance to bring about

the closest coincidence of the two curves. The first column gives

the absolute temperature T, the second the observed values of x.

Starling from any one of the observed values, the values for the other

temperatures may be calculated by means of (1) and (2). The fourth

') Gomp. H. Kamerlingh Onnes and W. H. Keesom. Malli. Enz. V 10, Leiden

Cuaim. Sirppl N". ïi;i, ^ 33.



4'̂ <

column gives the ealciihited values of x, t''© Hftli tlie pei'oentnal

differences between the values observed and calculated. Finally in

the third column are given the values of the product x?' in order

to shovv^ the magnitude of the deviations from Curie's lavv^.
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Crystallized manganese sulphate does not show distinct deviations

from Curie's law till hydrogen temperatures are reached and there-

fore belongs to class a of § 1 ; the anhj'^drous salt on the other hand

shows deviations over the whole range (class b). For both substan-

ces the agreement between observed and calculated values appears

satisfactory, although the differences seem somewhat larger than the

experimental errors. In the same manner we found:

for crystallized ferrous sulphate: — = 10

for crystallized manganese chloride: -^ = 13.
k

For a substance like platinum the deviations from Curie's law

are enormous and the value of — must be correspondingly large.
k

The measurements with platinum made at Leiden (Comm. N". 1326)

give —^ about equal to 1500, those by Honda (above normal tem-
k

perature) give a still higher value.

§ 6. The above shows that substances which deviate strongly

from Curie's law give large values of — . This result is in itself

evident, considering that substances with a high value of — must
k

also have a large zero-point energy (è ln\), so that U \
ov —

j
will

V xy
be far from proportional to T at low temperatures.

According to (3) x\ is inversely proportional to the moment of

inertia of the molecule. It may therefore be expected that substances

with large moment of inertia (i.e. small rj will show small

deviations from Curie's law and vice-versa. This is in general well

confirmed by the results. A substance like gadolinium-sulphate

Gdj (SOJ3 . 8 H^O (comp. Comm. N". 122^) with very heavy molecules,

each moreover loaded with 8 molecules of water of crystallization,

shows hardly any deviation from Curie's law even in liquid

hydrogen. Anhydrous manganese sulphate deviates strongly even at

the ordinary temperature; with the crystallized salt, each molecule

of which carries 4 water molecules and must therefore have a

large moment of inei'tia, distinct deviations from the law only

appear at hydrogen temperatures. Platinum which deviates very

strongly would have molecules with very small moment of inertia.
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Tlie possibility of the water of crystallization acting tlirongh the

increase of the moment of inertia whicli it produces was previously

expressed by Kamerltngh Onnes and Perrier. They worked on the

view that the deviations were due to the PLANCK-vibrators comino-o
to rest and that their frequency would be smaller for the molecule

of crystallized gadolinium-sulphate than for the unloaded molecule.

By comparing anhydrous and crystallized manganese sulphate an

estimate may be formed of the distance between the centra of the

water-molecules and of the sulphate molecule. The moments of

inertia of Mn SO, and of Mn SO, . 4 H,0 are found equal to

8.7 XIO--*», and 109.7X10-^'. On the supposition that two of

the water-molecules are placed along a line at right angles to the

axis of rotation and the other two on the axis, the difference of the

two above numbers gives for the distance in question the value

4,4 X 10"^. This distance is of the order of the molecular dimen-

sions, but smaller than the adopted value for the radius of a

hydrogen molecule (IX'-IO-^): our result w^ould thus seem to

indicate that the water-molecules partly penetrate into the molecule

to which they are attached.

§ 7. At the suggestion of Dr. Keesom — to whom I am indebted

for several useful hints — I have also compared the observations

with a different formula which takes into account the possibility of

more than one frequency of rotation, whereas Einstein and Stern

assumed that at a definite temperature all the molecules rotate with

the same velocity. On Dr. Keesom's theory tlie molecular rotational

motions in the body under consideration are analysed into a number
of stationary waves, which may be supposed to be governed by

similar partial differential equations as, say, sound waves in a gas

with corresponding conditions at the boundary (crests may take the

place of nodes). Along these lines he was led to the hypothesis, that

equation (4) of Suppl. N". 30^z (May 1913) with the additional assump-

tion v,n ^ IJi (as in equations (5) and (7) 1. c. ) might also hold for

the rotational motions. I have found that the correspondence between

observation and calculation by the new formula is not appreciablj^

better than by the method followed above and I have therefore in

this paper confined myself to the calculation according to the Einstein-

Stern view i. e. assuming one value of v at each temperature.

§ 8. Swinmari/. The existence of a zero-point energy has recently

been made probable by various investigations.

1. The change of the specific heat of hydrogen at low temperatures
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has been explained by Einstein and Stern in a satisfactory manner

by the assumption of a zero-point energy.

2. The assumption of a zero-point energy for the translational

motion of gas-molecides appears to be also required ^).

3. Keesom^) has shown that the quanta-theory with the additional

assumption of a zero-point energy is of great importance in the

theory of free electrons in metals and removes a number of diffi-

culties inherent in the equipartition-theory.

4. In conclusion it is shown in this paper, that the assumption

of a zero-point energy for the rotations finds a strong support in

the observations on the susceptibility of pai'amagnetic substances; it

appears that by means of it the majority of the deviations from

Curie's law observed at low temperatures ^), which seem to be

reducible to three seemingly largely different types may be correlated '')

and quantitatively explained in a satisfactory manner.

Physics. — ''The vapour pressures of Jiydrogen from, the boiling

point down to near the triple-point.'' By Prof. H. Kamerlingh

Onnes and Dr. W. H. Keesom. Communication N". 137f/

{On the measurement of very low temperatures. XXIIl) from

the Physical Laboratory at Leiden. (Communicated by Prof.

H. Kamerlingh Onnes).

(Communicated in the meeting of June 28, 1913).

§ 1. The vapour pressures of hydrogen between the boiling point

and the triple-point have been determined by Dewar ^) and by

Travers and Jaquerod "). The value, which was obtained at

1) Communication to the Wolfskehl-Congress at Göttingen by H. Kamerlingh

Onnes and W. H. Keesom. Comp. also W. H. Keesom. Comm. Suppl. N^. 30a.

2) W. H. Keesom. Comm. Suppl. N'\ 30&.

•^) The abnormal behaviour of anhydrous ferrous sulphate which has a maximum

in its susceptibility is here left out of account.

4) The theory given in this paper confirms the supposition by Kamerlingh

Onnes and Perkier mentioned in § 1 , that as regards paramagnetism corresponding

temperatures exist, which must be taken proportional to a definite temperature,

characteristic of eacli substance; on the above theory the temperature of maximum-

susceptibility chosen by the authors for the purpose is to be replaced by the

"internal" temperature - -y^, which may be calculated from the zero-point energy.

5j ,1. Dewar. Proc. Roy. Soc. London, A. 76 (1905), p. 836.

6, M. W. Travers and A. Jaquerod. Phil. Trans. (A) 200 (1902), p. 155.
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Leiden for the heat of vapoiization of liydrogen at the boiling i)oiiil ^),

differed, however, appreciably from the values which follow with

the aid of the Ct.apeyron-Ct.ausuts formula from (he measurements

of the vapour pressures mentioned above, taking into account the

compressibility of hydrogen vapour according to the measurements

of Kameklingh Onnes and W. J. dk Haas"). A deviation between

the AvoGADRO scale of temperatures fixed by the aid of the gas

thermometer, and the Kelvin scale of temperatures') of such an

amount as would be indicated by the difference between these results

may be considered improbable ''). It seemed therefore of interest

to undertake a new determination of the v^apour pressures of hydrogen

in the region mentioned.

§ 2. The measurements were made with the aid of a vapour

pressure apparatus as described by Kameklingh Onnp^s and Braak

in Coram. No 107a (May 1908) PI. I apparatus A..

The temperatures were measured ^) with the aid of the platinum

resistance thermometer ") Ptf. We could avail ourselves of a more

recent comparison (May 1913) of Ftj with the hydrogen thermo-

meter performed at 6 points, regularly distributed over the range

from the boiling point to near the triple-point, by Kamerlingh Onnes

and HoLST in their research concerning the comparison of the scales

of the hydrogen and the helium thermometers. The corrections^) to

1) For a preliminary report see: W. H. Keesom, Handelingen 13de Nat. en

Geneesk. Gongr. 1911, p. 181. According to a later calibration of the ampère-

and voltmeter, which were used, with the aid of a water calorimeter the values

given there are to be diminished by an amount of SO/qo- Hence the value found

with the smallest velocity of vaporization for the heat of vaporization of hydrogen

at the boiling point (more accurately at an average pressure of 751,5 mm.) becomes

110,2 ca]i5. The vapour pressures according to Dewar lead to the value 106,

whereas those according to Travers and Jaquerod give a still smaller value.

2) H. Kamerlingh Onnes and W. J. de Haas. Gomm. N^. 127c (May 1912).

3) Gf. H. Kamerlingh Onnes and W. H. Keesom. Math. Enz. V 10, Leiden. Gomm-
Suppl. N". 23, § 82a.

*) This view is supported by the fact, that Keesom, Suppl. N". 30a § 4, has

found that the application of the quantum-theory with the introduction of the,

zero-point energy to the molecular translatory motion for a gas at such a density

that the dimensions and the mutual attraction of the molecules need not to be

considered, leads to an appreciable divergence from the equation p = IiT,v at

extremely low temperatures only.

5) We gladly record our cordial thanks to Mr. G. Holst for the aid afforded

to us by performing these temperature measurements.

6) The bath was kept constant within Vijoo of a degree.

^) The corrections given here differ somewhat from those given in the Dutch
edition of this paper, in accordance with the results of the research of Kamerlingh
Onnes and Holst mentioned in the text.
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the Kelvin scale for this hydrogen tliermometei' [puK\ = 120 o.in.)

(4_0.14 down to —253°, +0.15 for —254° and —255°, +0.16

for —256°, +0.17 for —257°, +0.18 for — 258°, + 0.20 for

259°) were deduced down to —257° from the corrections of the

scale of the international hydrogen thermometer found for this region

by Kamerlingh Onnes and W. J. de Haas, Comm. No. 127c (June

1912), those for the lower temperatures were calculated according

to the research of Kamerlingh Onnes and Holst mentioned above.

75.95 cm. of mercury v^as adopted as the international atmosphere ^)

at Leiden.

§ 3. The results are given in the following table. 2)

Vapour pressures of hydrogen.
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wliich would follow from the supposition of an increase of pressure

at condensation ; hence lliere is no evidence of an influence of

admixtures.

The pressure in the cryostat has also been given in the table

(column 6). The manometer, on which this pressure was read, was

connected to a side tube of the cover of the cryostat ; this cover

had at this place the same width as the cryostat glass. At the

pressures marked with an * the tube, which formed the connection

with the manometer, was continued within the crj^ostat by a glass

tube which reached down into the liquid '). By this means we

obtained the result that the vapour pressure was measured at a

liquid surface where no continued vaporization (and hence cooling

of the upper layers) takes place. The influence of this can be clearly

seen: in the observations without * for all but one ^) the pressure of

the bath was found smaller than that in the vapour pressure appa-

ratus, for the observations with * just the reverse is the case. On

the average in these latter observations the difference is moreover

smaller. The temperature difference which corresponds to the largest

pressure differences is 0.03 degrees. If for the measurement of the

temperature in liquid hydrogen one is satisfied with this degree

of accuracy, it is sufficient for the purpose to measure the pressure

in the cryostat in the way indicated.

As the triple-point could not be properly observed in the vapour

pressure apparatus, for determining the triple-point temperature the

temperature of the bath was read when the first crystals became

visible in the latter. The indication of Ptj then became constant;

1.415 52 was read. Extrapolation (over 0.8 degree) of the calibration

curve of Pt[ gives for the triple-point temperature — 259°.14 C.

in Kej.vin degrees = 13°.95 K. The pressure of the bath was

5.07 cm. at this point.

1

§ 4. The curve which represents log p as a function ot —is slightly

concave upwards.'') Tn the 3'^^ column the values are given of p

1) In order to have a better guarantee that the pressure which is read belongs

to the temperature of a definite place in the liquid, this tube might be surrounded

by a heat conducting tube reaching above the liquid surface, as in the vapour

pressure apparatus (cf. N". 107a, Pi- J.).

2) For this one, placed between
[ ], tlie experimental data indicate tliat in the

vapour pressure apparatus temperature eciuilibrium probably was not yet arrived

at. [Added in tlie translation |.

•5) The measurements of Travers and JAquEROD give a log p, T-i -curve

which is slightly convex upwards. The following table gives some numbers which
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calculated fioui a Wkede-Rankink-Keesom formula ') *)

:

58.40 61
%p = 4.6063 (1)

The 4'^ column gives the ditferences of the observed values and

the values calculated from (1), the 5^^^ column the corresponding

differences in temperature.

From (1) follows for the boiling point: 20.33°K. = — 252.76°C.=')

Extrapolation by (1) would give 5.41 cm. for the pressure corre-

sponding to the triple-point temperature found in § 3 (with extra-

polation of the calibration curve of Ptj). The double extrapolation

makes this value somewhat uncertain ; it can in the mean time be

regarded as a confirmation of the value found by Kamerijngh Onnes

and Braak ').

§ 5. The heat of vaporization of hydrogen at a pressure of

75,15 cm. calculated according to Clapeyron-Clausius from (1), if

for calculating i\^„p the value Ba{i\) is taken from Kamerlingh Onnes

and W. J. DE Haas, Comm. N". 127c, with vu^^ after Kamerlingh

Onnes and Crommelin, Comm. N". 137a, becomes:

A = 105 5 cal,..

enable a comparison with the data given by Travers and Jaquerod.

p
internat, cm.
of mercury
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This value ^) is smaller than that found by direct measurement

at the smallest velocity of vaporization")-. 110.2. It is possible that

this result indicates that the precautions taken to prevent condensa-

tion of the vaporized hydrogen within the calorimeter have not been

sufficient. In fact at a velocity of vaporization twice as great as

that at which the value mentioned above was found smaller values

were obtained, vh. 108.5 and 109.3 at 76.1 and 77.75 cm. pressure

respectively.

Physics. — " Vapour pressures at very low reduced temperatures.

II. The vapour pressure of carbon dioxide in the range

from — 140° C. to about 160° CV' By Sophus Weber. Com-

munication No. 137c from the Physical Laboratory at Leiden.

(Communicated by Prof. Kamerlingh Onnes).

(Communicated in the meeting of September 27, 1913).

§ 1. In these measurements the heated-wire manometer described

before was used^); it was calibrated by the aid of a set of pipettes

as shown in fig. 1. The manometer is sealed to the vessel P^ at J
and is placed, together with P^ and P^ m a waterbath, in which

a temperature of about 20° C. is maintained by means of a thermostat.

This temperature is read on a mercury thermometer. The electric

connections are the same as in fig. 4 of the first paper. In order

to keep back mercury vapour or other vapours which might originate

in P, the tube / the volume of which is only 1 7o ot the whole

volume was placed in alcohol cooled to about — 100° C. by the aid

of liquid air. In a high vacuum the vapours given off b}^ tlie grease

of the stopcocks will be condensed in 1. I have tried to prevent

this flow of vapour to / while retaining the taps by interposing at

1) It may be noticed that this value nearly coincides with that calculated from the

vapour pressure measurements of Dewar (cf. p. 441 note 1). The difference which

shows the value derived from the vapour piessure measurements of Travers and

Jaquerod (cf. p. 441 note 1) is due to the diverging course of their vapour

pressure cuive, cf. p. 444 note 1. [Added in the translation]

2) Cf. p. 441 note 1.

3) H. Kamerlingh Onnes and Sophus Weber, Comm. N". IST/y (June 1913),
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G and H glass valves as introduced hy Karovodink in Töpt,er-

HAGEN 's mercury pump.

Fig. 2 shows one of these valves ; n? is a ground

sui-face. Inside the glass tube a small piece of iron

is fastened : without a current through the electro-

magnet M the communication is open to the gas;

when the curr-cnt is closed the vapours can only

diffuse through the narrow interstices left open at

a. The measurements seem to confirm that hy the

use of these valves a better vacuum may be obtained.

The calibration was performed in the following

manner. By means of the high-pressure taps D and

C some carbon dioxide was taken from the cylinder

A containing carbon dioxide which had been tho-

roughly dried and distilled several times. This gas

was solidified in E by means of liquid air and sub-

sequently strongly exhausted with a GAEDE-pump. It was then distilled

into pipette p^ and the pressure read with the manometer F. The

pipettes Pj, p^ and P.^, which communicated with the heated-wire

manometer were evacuated and the vacuum was measured with the

aid of this manometer, which had been previously compared with

an absolute manometer. The gas in p^ was then distributed overy^^,

Pj, and p^. If stop-cock 3 is now closed and 4 opened, the gas in

P2 is distributed over p^ and P.^, by which the pressure in P,^ in-

creases by a known amount. B3" connecting p^ with P^ and with P^

successively the pressure in P^ again increases by an amount which

is known, at least if the dimensions of the apparatus are known.

They were

:

Fiff. 2.

/A
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TABLE I
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The results of the measurements are contained in taUle II :

TABLE II
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The corrections are calculated by means of Knudsen's formulae ^).

In the previous communication it was shown that witli the degree

of accuracy of our measurements these formulae may be considered

X

as correct, if the region where approximately 1 <^ —- <C 10 is exclu-

ded. If Breitenbach's observations on the viscosity of carbon dioxide

are extrapolated b}^ means of Sutherland's formula ^) it may be

concluded that the corrections cannot be computed in the range

between 25 and 3 baryes for the wide tube and between 75 and 8

baryes for the nari-ow tube. Supposing that the mean free- path is

known with sufficient accuracy it will be seen that between 25 and

8 baryes there is a range for which the correction cannot be cal-

culated. An additional tube of say 1 mm. diameter ought to have

been used.

It appears further that below 3 baryes there is a range of pres-

sures, where the correction can be found for botli tubes. With the

formula which holds for this range the mean free path may be

determined by eliminating the unknown vapour pressure. The result

of this calculation is found to agree within the limits of accuracy

of the observations with the mean free path as calculated with

Sutherland's formula. In table II this shows by the close agreement

between the vapour pressures under I corr. and II corr.

The conclusion seems therefore justified that the mean free path

of carbon dioxide is known with sufficient accuracy at these tem-

peratures, and that the corrections may be deduced by means of

Knudsen's formulae with the exception of the range between 25

and 8 baryes.

Leaving this range out of account in the mean time we will now
discuss the formulae for those ranges where in our opinion they

are still applicable.

2R
[!). — > 10.

In this range we use the following formula theoretically deduced

by Knudsen.

1) Martin Knudsen. Ann. der Phys. 31 (1910\ p. 205, 633 ; 33 (1910), p. 1435.

*) The exirapolation by means of Sutherland's formula is probably allowable

in this case, as the range of reduced temperature is comparatively small. Over

larger ranges of reduced temperature Sutherland's formula does not appear

to 1)6 applicable {U. Kamerlingh Onnes C. Dorsman and Sophus Weber. Comm.

N'. 134a March l'JlÖ).
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c

1 H
273 ri,

0.00139 —k^

1 + -.
^^'

dp 2'

^ '
c \ T '

273 J*^

The meaning of the symbols is the same as in Knudsen's paper.

According to the theory the constants l\ and k^ are independent

of the nature of the gas. Experimentally this formula has been

confirmed for hydrogen and oxygen, and ^, and k^ appear actually

to be independent of the nature of the gas. The equation which

may be integrated in a fairly simple manner loses its validity for

2R
small values of— . For carbon dioxide the formula w^as used with

A

the values of k^ and k^ which were found from the measurements

with hydrogen and oxygen. As shown by Table II the numbers

under I corr. and II corr. agree well with each other wdiich may
be looked upon as a partial confirmation of the underlying suppo-

dp
sitions. Fig. 3 gives a graphic representation of —r, according to tiie

different formulae. The abscissae give the pressures in baryes, the

dp
ordinates —^^ for the tube with 2 /t* = 0.563 cm. Curve 1 represents

dT
the relation according to formula /. For the corrections the formula

2R
has not been used, when ^— <^ 10 ; it depends, however, on the

degree of accuracy required, where the limit has to be taken.

272
(2).^<l.

dp
In this case the followring formula was used for — :^ dT

dp



452

ctq'

1^

2R
For sufüciently small values of -:- the formula reduces to

dp 1 p P\ i y^\—= — .— or after mtegration — = 1 / —
dT 2 T ^

2\ V ^\

The limit for the application of formula // has been taken at

— = 1, which gives about the same accuracy as in the former case.

dp
The relation between p and - according to formnla // is also

given in fig. 3.
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(3). 1<^<10.

In this region the formulae can probably only be used as rough

approximations. Curve /// in fig. 3 has been obtained by reducing

the observations for hydrogen and oxygen to carbon dioxide by

means of the law of corresponding states. The values given by ///

have been used in this range for calculating the corrections. The

results under I corr. and II corr. agree fairly well with each other.

The observations are, however, not sufficient to draw conclusions

with regard to the value of thermal molecular pressure in this

intermediate region.

This region has, therefore, not been sufficiently studied as yet

and new measurements in this range would be of the greatest

interest.

In table II column 5 under "calc. according to Nernst" the pres-

sures are given calculated by the aid of Nernst's formula. In the

former paper use was made of the formula with the values of the

constants found by Falck ^), viz.

6000 1 0.00913
logü= .- + 1.75 log T T + 3.1700 . (/)*'^

4.571 T ^ ""
4.571

^
^

^

In order to obtain a satisfactory agreement at higher pressures

the constants had to be slightly modified as follows

6007.9 1
,

0.009008
logü= .-f 1.751ogr r+ 3.1700 . (//)."^

4.571 T "^

4.57 L

^
^ ^

p is here expressed in atmospheres.

The coefficient of log T and the chemical constant are unchanged,

and the other two constants have been only slightly altered. This

alteration can have no influence on Falck's theoretical deductions.

The very low vapour pressures which we measured before with

the absolute manometer are also unchanged, as the term proportio-

nal to T has but little influence in that region. In that case

Nermst's formula reduces to the vapour pressure formula according to

Kirchhoff-Rankine-Dupré *).

It can hardly be expected that formula // should give good

agreement at temperatures much higher than those given in table

II. At higher temperatures Falck finds greater deviations which,

however, he considers to be due to errors of observation. I have

1) F. Falck : Phys. Z. S. 1908, p. 433.

2) H. Kamerlingh Onnes und W. H. Keesom: Die Zustandsgleichung Leiden

Gomm. Suppl. N". 23 pag. 300.
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made oiil}^ one measurement at temperatures Iiiglier than those given

in table 2.

Temperatures

r— 273.09
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valuable data for a more detailed treatment of the question ^) as to

the way in which the quantuni-tlieorj has to be applied to the

molecular rotations.

As far as the general character is concerned, Einstein and Stern '^)

obtain a good agreement with Eucken's measurements by the sup-

position, that the mean energy of rotation of a molecule at the

temperature T is determined by the formula which Planck recently "')

has given for the mean energy at the temperature Tof an oscillator

with definite frequency. In this formula the hypothesis of a kinetic

energy at the absolute zero is included. As frequency they accept

for the rotating molecule the number of revolutions per unit of time.

Hence the frequency is immediately connected with the energy

by a second relation.

Although generally speaking the agreement is very satisfactory,

still at ordinary and at not very low temperatures differences exist,

which justify a closer investigation as to the way in which the

quantum-theory has to be applied to the molecular rotations. Einstein

and Stern themselves already indicated that their calculations are

not complete in so far as ihey suppose only one frequency of

rotation to be present in the gas at a given temperature. Sackur*),

who independently of Einstein and Stern also applied the quantum-

theory, but in a somewhat different manner, to the rotatory motion

of the molecules, had gone farther in this matter in including

different possible velocities of rotation in his considerations. The

same was done by Ehrenfest^), who applied the rules of statistical

mechanics in a way which more closely corresponds to the consi-

derations by Planck. In both modes of treatment the principle

of finite energy elements, respectively of finite elementary regions

of equal probability, is applied to each of the rotating molecules

separately in a corresponding way as Pi-anck does for an oscillator.

As, however, the rotatory motion of a molecule, in the absence of

a directing force and therefore of a potential energy coming into

play in this motion, differs in principle from the motion of a Planck's

oscillator, the immediate transfer of Planck's considerations to the

rotatory motion of each of the molecules separately does not seem

to me to be very obvious.

1) This question is also of importance for the thermal equation of state, cf.

Suppl. W. 25 § 3 / (Sept. 1912).

2) A. Einstein and 0. Stern. Ann. d. Phys. (4) 40 (1913), p. 551.

s) Gf. M. Planck. Warmestrahlung, 2to Aufl., p. 140.

^) 0. Sagkur. Jaliresber. der Schles. Ges. fiir vaterl. Gultur. Febr. 1918.

5) P. Ehrenfest. Verb d. D. physik. Ges. 1913, p. 451.
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It seems to inc to be nitlier indicated to derive tlie amount of

temperature energy (cf. Su|)i)l. N°. 30^/ § 1), which the molecules

possess at a temperature T on account of their rotations, from a

consideration of the equilibrium of the system of rotating molecules

with black radiation of that temperature, and for the latter to regard

Planck's formula as given, in the way as is done for the translatory

motion in the gas in Suppl. N". 30a. Einstein and Stern also start

from the consideration of this equilibrium. Addition of the zero-

point-energy forms then a new hypothesis which is justified by the

results ^).

Instead cf resolving the molecular rotatory motion of a gas con-

sidered as a whole into the rotations of the separate molecules one

can also, imitating Jeans and Debije, resolve it into a system of

stationary waves. The elementary motions which come to appearance

in that way entirely correspond in properties with that of a Pjanck's

oscillator with definite frequency. It seems to me that the conside-

ration of the equilibrium between black radiation and molecular

rotatory motion in a way corresponding to that followed in Suppl.

N". 30a for the translatory motion, leads to the result that to each

of such principal modes of vibration in the system Planck's formula

has to be applied. This is done in ^ 2.

1) The result obtained by Ehrenfest I.e., that with his distribution of rotation

frequencies without the hypothesis of a zero-point energy a good representation

of the results obtained by EucKEx at the lowest temperatures can be given, is

remarkable, hi the mean time in the observations no indication of the not mono-

lone course of the specific heat, which is found by him at higher temperatures,

is present. On the other hand a further investigation based on the assumption of a

zero-point energy is justified by the indications for its existence which have since

appeared in other fields also: cf. M. Planck, i.e. p. 455 note 3, for the molecular

translatory motion in gases: H. Ka.merltngh Onnes and W. H. Keesom, Communi-

cation to the WoLFSKEHL congress, Götlingen 1913, W. H. Keesom, Suppl. N". 30a

(May '13), for the free electrons in metals: W. H. ICeesom, Suppl. N^. 30^ (May '13),

concerning the deviations from Curie's law for paramagnetic substances: E. Ooster-

HUis, Suppl. W. 31 (June '13), concerning the spontaneous magnetization of

ferromagnetic substances : this communication I, concerning the dependence on

temperature of the molecular magnetic moment of ferromagnetic substances above

the Curie point: this communication II, to which as perhaps pointing in the same

direction, although in the mean time less definitely, the following can be added:

the behaviour of the dielectric constant of aethylaether (cf. a following paper), the

deviation at low temperatures from J. Becquerel's law concerning the width of

some absorption bands (cf. J. Becquerel and H. Kamerlingh Onnes, Comm.

W. 103 § 5, Febr. '08), the behaviour of the viscosity coefficient of gases at low

temperatures, W. H. Keesom, Suppl. N . 25 § 6 (Sept. '12), H. Kamerlingh

Onnes, C. Dorsman and Sophus Weber, (Jomm. W. 134 a, h, c (March,

April '13).
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Comparison of tlie oxpi-ession obtained tlierc for \hv oner^} of

the moleculai' rotations with the expei-iniental data concerning the

specific heat of hydrogen shows, as far as the general course is

concerned, an agreement which is just as good as that found by

Einstein and Stern. For the ordinary and the not very low tem'pe-

ratures, for which Eucken's results have been confirmed by Scheel

and Heuse, now also deviations are found, which, just as those

found by Einstein and Stern cannot be ascribed to experimental

errors. The deviations found here differ from those found by

Einstein and Stern in these respects : they are all in the same

direction, viz. so that the experimental value is larger than the

calculated one ^), and they increase regularly with the temperature.

These points seem to be in favour of the suppositions made in § 2,

in so far as it seems easier to account for deviations showing this

course by introducing the hypothesis of the "appearance of a new
degree of freedom" than for deviations such as were found, by

Einstein and Stern. On the other hand the possible unequality of

the two principal moments of inertia which govern in this region

of temperature the contribution of the rotatory motion to the specific

heat of hydrogen in the supposition that the third principal moment
of inertia is so small that the contribution furnished by the rotation

round the corresponding axis is not perceivable or only very small,

may perhaps also have as a consequence deviations such as found

by Einstein and Stern in supposing those two moments of inertia

to be equal.

Before introducing one of these new hypotheses it seemed to me
to be preferable to put the expression for the energy of the mole-

cular rotations derived in § 2 to the test with the aid of other

phenomena. As according to Langevin's theory the molecular rota-

tory energy has a determining influence on the magnetization of

paramagnetic substances, the latter can be used for the purpose.

Dr. OosTERHUis, who applied with good success the quantum-theory

with introduction of the zero-point energy following Einstein and

Stern for the explanation of the deviations which the susceptibility

of some paramagnetic substances show from Curie's law, w^as so

kind at my suggestion as to put to the test the expression derived

in § 2 also ^). He found that those deviations are not represented

\evy much better with the aid of that expression than with that of

the simpler expression given by Einstein and Stern. A clear deci-

sion between the two expressions was not obtained.

1) The same in true for the deviations found by Sackur I.e.

i*; E. OosTERHUis. Coram. Suppl. N". 31 (June 1913), § 7,
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It tlien occurred to ine that perhaps the spontaneous magnetization

of ferromagnetic substances might furnish a still more sensitive

criterion for putting the expression given in § 2 for the energy of

the molecular rotations to the test. For this the result obtained in

§ 2 is introduced in § 3 into Weiss's theory for ferromagnetic sub-

stances. In doing this it is to be taken into consideration that the

energy of the molecular rotations is changed by the presence of a

directing field (§ dh). In § 4 the results of a comparison with the

observations are communicated. In a further chapter II (Suppl. N°. 326)

some general remarks follow, to which the application of the quantum-

theory with introduction of the zero-point energy leads, particularl}^

for the state of excited ferromagnetism. Here it should be kept in

mind that several of those general remarks are not dependent on

the special value which in §§ 2 and 3 is given for the rotatory

energy, but follow from the general change of that energy with

temperature, such as is given by the formulae of those sections.

In how far this is the case for each remark in particular the reader

will easily decide himself.

§ 2. The energy of molecular rotations in the absence of a direct-

ing force. If the velocity of the molecular rotations of a group of

molecules in a gas is changed, the modification in the motion will

be transferred from the centre of disturbance to the other molecules.

The same is true for a solid, in which we provisionally suppose the

molecules to rotate freely. There is no doubt that for the descrip-

tion of the propagation, considered as a molar process, of the

disturbance of equilibrium with appropriate simplifying suppositions

a differential equation of the same form holds as for the propagation

of a wave motion in an elastic medium.

As also the boundary conditions ') agree with those which are

valid for the pi-opagation of a wave motion in an elastic medium

(eventually a gas), as regards the rotatory motion conditions of

stationary wave motion will be possible which correspond to those

which occur with acoustical motions. In particular the number of

possible principal modes of vibration with frequencies between v and

V -j- dv will be determined by a formula such as equation (3) of

Suppl. N«. 30a.

The molecular rotatory motion in the substance can be resolved

into a system of such wave motions. For the determination of the

number of these wave motions for a finite number of molecules we

1) If the molecules can rotate freely at the boundary, a loop occurs there, if

their rotatory motion is impeded or strongly damped, a node.
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again suppose Debije's method to be approximately valid. According to

that method the "spectrum" is determined without taking account

of the molecular structure, and then it is cut off on the side of the

high frequencies at a value Vmax whicii is found by putting the total

number of such modes of vibration equal to the number of degrees

of freedom.

We may imagine that the energy of the radiation is transferred

to the molecular rotations by means of the radiation pressure and

hence and b}' analogy with the molecular translatory motion (cf. Suppl.

N". 30cz § 2) suppose, that we have to take energy elements of

magnitnde ^ hv^), if r is the frequency of the considered mode of

vibration. A different supposition concerning the coefficient of hv

would, moreover, not cause any change in the general results of

this communication.

As was done for the translatory motion (Suppl. N". ^Oa § 3) we
will for this free rotatory motion suppose, that the velocity of propa-

gation c of the wave motions considered here, for the small wave-

lengths which are the most important, at states which deviate only

little from the state of thermodynamic equilibrium, is for each mode

of vibration proportional to the square root of the energy Uy., ^) of

that mode of vibration. We then obtain as in Suppl. N°. 30a § 4:

%v = è U- H-èAr (1)

ekf—1

This expression is adopted also by Eiisstein and SterxN for the

energy of rotation with "frequency" v for one degree of freedom.

The supposition concerning c may provisionalTy be further justified

by the remark that by it we obtain that for high temperatures the

ratio of the energy for one degree of freedom to ^ kT approaches

to 1, as must be the case for these free rotations.

We will suppose that in this communication, where the contrary

is not mentioned explicitly, we have to deal with the rotations round

two equivalent axes. For the mean energy of rotation for these two

degrees of freedom we then find

''max

3 ri hv
)

>h = 3 \ \~-r^ [-^.hvlv'dv, (2)
ï'max nJ ( ^ ]

IcT _ 1

^) Gf. also 1^. Ehrenfest i. c, p, 453 note 1.

') The index r will indicate that the quantity relates to the rotatory motion.
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Fiirlher we suppose as in equations (5)') aiuU?) ofSiippl. N". 30rï)

c ^Ur% Hence (cf. formula (3) of Suppl. N". Sua):

Vmux ^ W1.V2 (3)

This supposition causes (with the assumption of a zero-point energy

as in (1)), that at sufficiently high temperatures ?/,• becomes /,• (7'-|- A),

where A is a constant, and this Oostkrhuis '') found suitable to

explain the behaviour of the susceptibility of different paramagnetic

substances.

Introducing as in Suppl. N". 30^:

we can write ^)

I
(5)

^_1 fM'^-^

These equations determine Uy as a function of T if there is no

directing force'). They contain the energy of rotation at T=:0:

1) In this equation the supposition is made that In the state of thermodynamic

equilibrium the velocity of propagation for the different frequencies is the same.

2) E. OosTERHUis. Suppl. W. 31 (Juue 1913).

3) The appearance of the constant 60 's characteristic of the introduction of the

quantum-theory in the theory of this communication. This constant is coDnected

with the moment of inertia of the molecule or of the part of it which rotates

freely, in such a way that to a small value of the moment of inertia a large value

of 60 corresponds and the reverse. We may therefore expect that for elements with

monalomic molecules 60 is relatively large, and that for compounds with relatively

heavy and extensive molecules '0 is relatively small. The deviations from the

equipartition laws run parallel to that, as in fact Oosterhuis found regarding

the deviations which paramagnetic substances show from Curie's law.

') Appropriate developments for the first of the equations (5): for the greater

values of x :

n,\h sjt' 1 >>=r /I 3 6 6

tlyj 15 .V^ „=1 V**''^' ^ '^ ^' '"^ ^ '^'

for the smaller values of x :

'/•^ 8 1 i I „ 1 , 1 ,
1

M, / "^YT r "^2Ö"''""r68Ö''''
"^90720'"" 4435200*'
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§ 3. a. intivductloii of th(\ quantain-theor)j into Weiks's theory for

tlir ferroniagnetlc state. Wo suppose tlial tlie introdnclion of the

qiuintuni-theory only brings this change in tlie statistics of the

orientations of the elementary magnets under the influence of the

magnetic field, that in the relations which Langevin ^) has deduced

for it kT has to be replaced by the vahie ?^,. for the rotation energy

which is now valid '').

According to Langevin the magnetic moment il/„i of unit of mass

under the influence of the magnetic field H is

:

I Cha 1
)

M,n= ''Hi ^r ; ....... (7)
( on a a

)

n is the number of freely rotating molecular ') magnets in the imit

of mass, a is the molecular magnetic moment; a is determined by

liH
« =— (8)

The value of w,-, which may be changed by the magnetic field is

treated in tliis section under b.

From (7) and (8) follows for the susceptibility of paramagnetic

substances, as long as no saturation ^) begins to be appreciable

:

X =^ (9)

OosTERHUis has also accepted this relation.

1) P. Langevin. Ann. chim. phys. (8) 5 (1905;, p. 70.

2) In the application to solids we imagine the molecules to rotate freely, or at

least to be so weakly bound to a definite equilibrium orientation that the maximum
increase, which the potential energy can undergo by the deviation of a molecule

from the equilibrium orientation is still small compared with the mean kinetic

energy of rotation which the molecule has at the temperatures at which we consider

the magnetization. In cases in which the changes in potential energy .'ire appreci-

able more intricate relations appear. Cf. P.Weiss, G.R. 156 (1913), p. 1674, 1836,

for a treatment of such cases in the assumption of the equipartion value for the

rotation energy.

3) Under "magnetic molecule" we understand in this communication the elemen-

tary particle which rotates freely as a whole and has a magnetic moment; at

present we do not enter into the question whether it is the same as the chemical

molecule or not. According to WErss each chemical molecule KcgOj would contain

3 magnetic molecules.

•i) It deserves to be noticed that in the assuirsption of a zero-point energy saturation

phenomena at low temperatures are to be expected to make their appearance at

higher values of H than according to Langevin's theory, in which a is determined

H
by the value of —

.
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According to Wëiss's ^) theory for the ferromagnetic state

:

H=H, + H^, (10)

where //,. is the external magnetic tield and

//,, = A„ /„ (11)

the molecuhar field, /m = the magnetization per nnit of volume

:=QMm, if p = the density. Weiss supposes the coefficient of the

molecular tield Nm to be constant.

The spontaneous magnetization ö, which belongs to He = 0, is

obtained by Weiss's construction in a <7, ^^-diagram by determining

the point of intersection of the curve

I Ch a 1 )

<i=n,, (12)
I
8h a a ]

with the straight line

'y=T^<' (13)

which corresponds to the chosen value of 7\

If

'*.o> ^ ' (14)

none of the straight lines (13) has another point of intersection

with the curve (12) than the point a = 0. Hence in the assumption

of a zero-point energy for the molecular rotatory motion /(^r/w/ia^/^ie/ic

substances, characterised according to Weiss by their possessing a

molecular Held, loitkout the specific ferromagnetic properties: spon-

taneous magnetization, hysteresis, remanent magnetism, are possible.

We come back to this in § 6 (Suppl. N". 32^).

If on the contrary

to each temperature T <:^ Tc, the temperature of the CuRiE-point,

which is determined by

«re ^ (lO)

(m^-c = the rotation energy at the Curie point), a spontaneous

magnetization belongs, which we may consider to be determined

by (12) and

1 Ur
a = nii.-— (17)

6 Urc

1) p. Weiss. J. de phys. (4) 6 (1906), p. 661. Physik. ZS. 9 (1908), p. 358.

Les iilées modemes sur la Constitution de la matière (Conférences Paris 1912), p. 332.
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h. Influence of the magnetic field on the rotational energy. As

according to the quaiituiii-theory the lotatioiial energy of the mole-

cuhxr magnets depends npon the tVc(|nencics whicli occur in the body

consi<lered, and as tliese frequencies may be changed nnder the

influence of tlie magnetic field, the rotational energy may depend

upon the field. The way of dependence can be deduced thermo-

dynamically, if the energy in tlie absence of a field is known as a

function of temperature (cf. § 2).

The heat which at an infinitely small reversible change has to

be supplied to a ferromagnetic body, of which the state may be

determined by 7' and J/,n , is given per unit of mass l^y ^)

dQ = dU, — HdM,„ (18)

in which U^- also refers to the unit of mass, and H, as in this

section under a, represents the total field acting on each magnetic

molecule, the molecular field being included. The second law of

thermodynamics then gives

Following the supposition mentioned in the beginning of this

section under a we may write

Il=znu,n,f{Mn.) (20)

where f{M,,,) is determined by (7) and (8). The index ^ in u,m

indicates that the rotation energy has been changed by the field, u,,

as in § 2, will indicate the rotational energy in the absence of the field.

With (/i- = ???«,.m (19) becomes

/(i)(a^)r="™-''(^)./,;, • • •

*''*

The general solution of this partial differential equation is

Unn_ ( —\f{Mr^)dM,
rj.^<l\Te y- "•'

) (22)

1) This equation was deduced by me from a consideratiou of the energy which

has to be supplied to one of the molecular magnets, of which the moment is

supposed to be constant, when its rotation energy and its orientation with regard

to tlie field H are changed. In this, following Weiss, I supposed the total inter-

action of the molecules to be included in the form of the molecular field in H.

One obtains for the energy to be supplied du^. —Hd-jfj, if do^j is the change

of the component in the direction of H of the magnetic moment. Summation over

the unit of mass gives (18;. Gf. the appendix to this communication It for a more

detailed proof, which Prof. Lorentz kindly communicated to me.
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As the inferior limit in the integral has been chosen, as the

function 'f may be determined by considering that for i/m =
Urm is given as a function of T, viz. by equation (5). The two

equations obtained in this way determine ?^,„i when T and Mm are

given. The following form can be given to these equations. If we
call u^\- and T* the values of ii^ and T which according to (5)

belong to a definite value of .r, the following values of Uym and T
now correspond to it

:

a

p

Sha
— ^ «^

^ ,

(23)

a I

7' = T*
""

e
"/'

Sha

In these equations the integration '"; w^hich occurs in (22) has been

carried out. It is easily seen that iinn is greater than the value of

Ur (for Mm = 0) which belongs to the same value of T. So also

that if u^i.=zkT*, Unn is equal to the value of Uy (for Mm=zO)
at the temperature 7\

For determining the spontaneous magnetization, J/,n in (23) must

be replaced by o, and further it has to be remembered that betw^een

a, a, and Uim according to (12) and (17) the following relations exist *)

:

Ö _ Cha 1 1 tlnn „

.

wft Sha a 3 ic^c

The calculations can be performed by calculating at a given value of

— the corresponding value of T: (24) gives the values of a and
71^1

— corresponding to — ; then according to (23)

a
Sha — a —

J/*!- = /fi-m e nil', (25a)
a

according to (5) by the aid of the equations

1) In Langevin's 3f,„, «-diagram this integral can be read as the surface which

has the curve (7) and ihe il/,^^-axis as its boundaries.

-) It follows from equation (23) that the determination of the Curie point by

equation (16) is not ('hanged as a consequence of the influence of the field on the

rotational energy. This may also be deduced directly.
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= 1 -

7'*_1
(20)

*i-o

with a given value of 0^ the value of T^ may then be derived;

finally T follows from

G
a a—T=T* . -—e n(i ,256).

bha

§ 4. 7%^^ spontaneous in(t(jnetlz(ition of magnetite and of nickel.

In Fig. 1 the data are represented for a comparison of the obser-

vations concerning the spontaneous magnetization of magnetite and

of nickel with the relations (23) !o (26) of § 3. 1\ is the tempei'a-

turc of the Curie point. The curve marked "equipurtilioJi" has been

30

Proceedings Koyal Acad. Amsteidam. Vol. X.V1.
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calculated from (24) with Ur.n = ^T. The two other curves are

taken from tig. 1, PI. I, of (Jomm. N". 114 bj Wkiss and Kamer-

LTNGH Onnes (Febr. 1910) ^j and represent the results of the obser-

vations concerning magnetite and nickel 'J.

The points indicated by circles have been calculated with the

equations (23) to (26). The following values of 0^ were adopted ^)

for niagu elite ^„ = 75

„ nickel 6'„ = 2100.

The agreement between observation and calculation may be regarded

as quite satisfactory for magnetite ^). This indicates that the a])i)lication

of the quantum-theory made here, corresponds in its principal features

to reality in particular as regards the assumption of a zero-point energy.

For nickel the agreement is somewhat less satisfactory *). Yet, 1

"
1) A reading from the curve for magnetite published in Les idees modernes sur

la Constitution de la Matière (Conférences Paris 1912) showed but unsignificant

differences from the readings from the figure in Comm. N'J. 114.

2) The values of -^ have been calculated with the values of Sq given in the text.

'^] Again the large difference in ^o between monatomic elements and compounds

calls for attention. This difference corresponds to a similar difference (in the reverse

sense) of the moment of inertia (cf. p. 4(50 note 3). It is connected with their

high values of 6^ (i. e. with their small' moments of inertia), that the rotational

energy at ordinary temperatures makes only a relatively small contribution to

the specific heat of monatomic solids.

*) From the original of Fig. 1 the following data were read for magnetite :

2'

0.253
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think, it may be still regarded as a confirmation of' the principal

features of the considerations of this paper. The divergences may
then be attributed to the approximating character of some of the

special assumptions of §§ 2 and 3.

If the assumptions made in this paper concerning the molecular

rotational energy are adopted as being in the main right, the results

obtained here may be regarded at the same time as a valuable

confirmation of Weiss's theory regarding the molecular field.

It deserves notice that in the assumption of a zero-point energy

the spontaneous magnetization at the absolute zero, (7„ , does not

coincide with the "absolute saturation magnetization'' »fi, for which
all magnetic moments are imagined to be directed parallel to each

other. With the values of <9„ given above one finds

for magnetite — = 0.906

„ nickel — = 0.346.

If these assumptions correspond to reality, this fact has to be

taken into account in calculating the molecular magnetic moments
from the saturation magnetization at low temperatures. With the

above data one finds, taking the values for the saturation magne-
tisation ^) at low temperatures from Weiss and Kamerlingh Onnes,

Comm. N". 114, and applying the correction for dilatation as indicated

there, for the magnetic moment of a gramme-molecule, resp. a

gramme-atom : for magnetite 24402, for nickel ') 9734. Neither of

these is approximately a whole multiple of the gramme-magneton
1123.5 adopted by Weiss. However, before somewhat definite results

can be obtained regarding this point the further data concerning

the absolute values of the saturation magnetization, particularly for

magnetite, which Weiss has announced -), must be awaited, and also

calculations such as have been made for magnetite and nickel in

this communication, have to be carried out for other substances

(particularly for iron and cobalt).

1) It is assumed that nothing particular occurs in the saturation magnetization

between the temperatures of liquid hydrogen and the absolute zero (cf. Comm.
N». 114 § lb).

2) This number is less -reliable in consequence of the agreement between
observation and calculation being less close for nickel, particularly on the side

of the low temperatures (cf. also this Communication 11 p. 470 note 2).

i) For instance Comm. N». 114 (Febr. 191 0\ p 769 note 1.

30"
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Physics. — "On the magnetization of ferromagnetic substances

considered in connection itntk the tisswnption of zei^o-point

energy. II. On the susceptibility in the excited ferromagnetic

state". By Dr. W. H. Kersom. Supplement N". 32è to the Com-

munications from the Physical Laboratoiy at Leiden. Com-

municated by Prof. H. Kamerlingh Onnes.

§ 5 ^). The susceptibility of ferromaynetic substances above their

CuRiE-/)om/. According to Weiss's theory ferromagnetic substances

above their CuRiE-point, before eventually adopting the paramagnetic

state, pass into a state (eventually a succession of different states) in

which just as below the CuRiE-point the magnetization produces a

molecular field. In that case, however, spontaneous magnetization

does not occur any more ; hence the molecular field only comes

into action when it is excited by the external field. We assume in

this section that the condition (15) for the existence of a Curie-

point is satisfied. For states, in which saturation is not yet

appreciable ^), follows from equation f7), which then simplifies to

Mm = -^ma, with (8), (10), (11) and (16) for the specific suscep-
o

tibility (for unit of mass) :

'A-=7^r^—i (2')
6 (Ui—Urc)

hence

y-i ^ {u,—u,,) (28)

In the first approximation, viz. for equi partition, as well as in the

second approximation, viz. when in the development according to

positive powers of x of the second member of the first of the

equations (5) only the first two terms need to be considered ^'), (28)

passes into Weiss's law for the susceptibility above the CuRiE-point:

y-i _ (7- To) . . ..... (29)

In fig. (2) is shown how the curve which gives /-^ as a function

of temperature, is derived from ih as a function of 7\ According to

1) The §§, equations and figures of this paper are numbered as continuations

of those in Suppl. No. 32a.

~) Kor these states no account has to be taken of the change of Uv under the

influence of the field, which lias been treated in § 3/?.

S) With an accuracy of 1"/,, in ih- this is the case for T> 1.2 0^;, with one of
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(5) L^= ~ 0^, For sufficiently high temperatures tiiat curve may

be regarded as straight. Tiie assumptions of the former paper involve,

Fis. 2.

however, that in the neighbourhood of O /-^ as a function of T
is curved more or less according to the ratio of T^ to OJ^. In an

appreciable measure this curvature may only be expected for high

values of ö„, such as for the monatomic ferromagnetic elements.

The observations by Weiss and FoËx ') concerning nickel, iron ')

and cobalt actually point to a change of x^' as indicated by Fio-. 2.

It is true, that Weiss and FoËx represent y~^ approximately by two
portions of straight lines, at least for a certain region of temperatures

from the CuRiE-point upwards ; but they remark expressly, that for

instance ') for nickel the inclination of the portion of the graph

which is nearest to has no determinate value.

In accordance with tiiis Honda and Takagi') find the x~'.^-gi'aph

for nickel between over 400° C. and 550° C. gently curved. Further

according to Honda and Takagi this portion passes continuously into

the nearly straight portion for higher temperatures. If we abstract

1) P. Weiss and G. Foëx, Arch. sc. phys. et nat. (4) 31 (1911), p. 89.

2) Gf. for this, hov,'ever, A. Preuss, Diss. Zurich (Techn.Hochsch.) 1912, p. 64,

3) Cf. p. 95 I.e., for iron p. 97, cf. also in particular for cobalt p. 101.

*) KöTARó Honda and Hiromu Takagi, Science Reports Tohoku University Sendai

(1) 1 (1913), p. 229.
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from the point at the highest temperature the x"',^-curve graphed

by them in Fig. I, pi. 1, I.e., for nicker) has jnst the form wiiich

would be expected from Fig. 2*),

§ 6. The po.s.sihiliti/ of the existence of ferroiiinynetic substances

vjithout CvY(m-poi7it. It was pointed ont in § 3a that on the assump-

tion of a zero-point energy for the molecular rotations the existence

must be considered possible of ferromagnetic substances (substances

with a molecular field), which do not show the specific ferromag-

netic properties. The condition for it was given in (14). Such a

substance will have to be looked for in the first instance among

those which have a large zero-point energy of rotation (a small

moment of inertia) and a small molecular magnetic moment, and

also a weak molecular field.

From (7) follows, for states in which saturation has not yet

become appreciable, with (8), (10) and (11) for the susceptibility

/— ' -^ Ur — 11 with 1' = — (oU)
Ö

In Fig. 3 are united the diiferent cases which are possible for

diff'erent values of the constant r, compared with Uy^- In this figure

for the different values of r -/"' has to be measured from the corre-

sponding horizontal line.

If at constant molecular magnetic moment and constant zero-point

energy the molecular field increases from 0, we subsequently meet

with the following cases

:

v = t\. At sufficiently high temperatures / (2" -|- AJ =r const.

1) Similar results they find for cobalt and iron.

2) The observations by Weiss and FoËx concerning the susceptibility of

nickel above of the CuRiE-point can up to 870° G. be reasonably well represented

with the value 0(,:=2IOO of § 4 and with the magnetic moment of the gramme-

atom = 8552. This latter value differs from that derived in § 4 for the state

below the GuRiE-point. On account of provisional calculations il seems, however,

probable to me that for nickel the spontaneous magnetization beloiv the Curie-

point as iveli as the susceptibility in the excited ferromagnetic state above the

GvRiE point up to the temperature mentioned above, according to the measure-

ments by Bloch, Thesis Zurich (Techn. Hochsch.) 1912, presumably even up

to about 1200° G., can be represented with the same value of ©o a7id with the

same value of the magnetic moment per atom, and likewise with the same value

of the molecular field In a following paper 1 hope to communicate the results

of further calculations regarding this point. If these calculations lead to a confirm-

ation of that expectation, the significance of Weiss's theory of the molecular

field (completed by the assumption made in this communication regarding the

thermal equilibrium of these molecular rotations) will become even considerably

greater.
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(with positive AJ. Tiiis class of substances could be called (/uasl-

paramagnetic : the presence of the molecular field only becomes

Fig. 3.

apparent, as far as the susceptibility is concerned, in this that these

substances deviate from the law of corresponding- states, which in

accordance with the supposition made by Kamerlingh Onnp.s and

Perrier^) and found confirmed in Oosterhuis' theory^) is valid for

purely paramagnetic substances (without molecular held) with

constant magnetic moment.

V = i\. The substance follows over a large region Curie's law

(A, = 0). At low temperatures the x~', 7'-graph is curved, a region

with definite A ^) cannot, however, be indicated.

V = i\. State of excited ferromagnetism, characterised by a posi-

tive value of Aj in x{T— AJ = const, for sufficiently high

temperatures. The substance has, however, no OuRiE-point.

V = v^. Also no CuRiE-point. If we abstract from saturation phe-

nomena, X would continually increase on approaching 7^=0. It is

for such a substance or one which differs little from it (r litlle less

than \\) that one should in the first instance expect the appearance

of saturation phenomena at low temperatures.

V = I'j. Ferromagnetic substance with CuRiE-point.

1) H. Kamerlingh Onnes and Alb. Perkier, Comm. N'J. 124« (Dec. IGll), § 3.

Gf. E. Oosterhuis, Suppl. N". 31, These Proceedings p. 440, note 4.

2) Cf. E. Oosterhuis, 1. c.
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^ 7. Increase of the molecular magnetic moment vnth temperature.

In the disenssions of this and the former paper the molecular magnetic

moment has always been supposed to be constant and the magnetic

axis to be a fixed axis in the magnetic molecule. The simplest

hypothesis is that the electron or the electrons, whose motion (for

instance in a circular orbit) canses the magnetic moment, are bound

to a detinite place in the molecule. In this man/ier one is led to

the hypothesis, that a magnetic molecule owes its magnetic moment

to the fact, that it rotates round a definite axis, which then is the

magnetic axis, one or more electrons being situated at a distance

from it. As long as the rotational velocity is constant and the distan-

ces of these electrons from the axis remain the same, the magnetic

moment is constant. The question naturally arises, whether this

rotation (roimd the magnetic axis) also participates in the thermal

equilibrium. In the affirmative case the fact that the velocity of

rotation does not change appreciably from low temperatures upwards

over a large region of Temperatures would point to a large value

of the constant 6^ which corresponds to this rotation, and should

be attributed to a particularly small moment of inertia about the

corresponding axis.

We may resume this as follows : a magnetic molecule would be

a molecule (or part of it) which has a small moment of inertia

round a definite axis, so that with zero-point energy it rotates with

great velocity round this axis, and contains at least one electron

which is bound to a place in the molecule situated at a distance

from that axis.

According to this hypothesis about the [)cirticipation of the rotation

which we now consider in the thermal equilibrium, at higher tem-

peratures the magnetic moment will begin to increase with tempe-

rature, at first slowly, later on more rapidly. Weiss ^) has actually

been led by the observations above the CuRiE-point for magnetite, to

the hypothesis of a magnetic moment increasing with temperature.

A difference with Weiss's views lies in this, that Weiss adopts a

discontinuous increase of the molecular magnetic moment in rational

proportions, whereas from the above hypothesis one would rather

expect a continuous increase of the molecular magnetic moment

with temperature. A further investigation will have to show, whether

the measurements by Weiss and FoËx regarding this matter cannot

be interpreted in this way, in particular for instance with application

of the developments of § ^a to the rotational energy which here

comes into play.

1) P. Weiss, Ar;h. sc. phys. et iiatur. (4) 31 (19il) p. 402, § 12.
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Tf we keep in itiiiul that for other substances the nionients of

inertia about different axes possibly do not differ from each other

to such a degree as this seems to be the case with ferromagnetic

substances, and that with different ratios of the moments of inertia

very different cases can occur for paramagnetic substances also, and

if in addition we take into consideration the possibility that according

to § 6 there exist substances which possess a molecular field, but

not a CuRiE-point, there seems room for the fnrtiier interpretation of

different cases met witli by du Bois, Honda, and Owen ^) in their

investigations regarding the susceptibility of elements, and which

carmot according to Oosterhuis be represented with the assumption

of a constant magnetic moment without molecular field.

APPENDIX.
The following proof of equation (18) of this Communication I

was kindly communicated to me by Prof. Lorentz.

In this appendix the references to sections and equations relate

to the article V 14, "Elektronentheorie", in the Math. Encyklopadie.

Some notations in this appendix differ from those used in the fore-

going communication.

In considering the energy of a magnetized body one can start

from two different points of view, viz. one can assume:

A. that the molecular magnets really are permanent magnets

(hence that the magnetic moment is not due to rotations or to the

circulation of electric charges), or

B. as in § 486^, that the magnetic moment is due to a rotation

or to the circulation of electric charges round a definite axis in

the molecule.

In both cases the magnetic energy may be put equal to - IH'dS,

the integration being taken over ttie whole space, including the space

within the magnets. H is not the same for the hypotheses A and B.

On the assumption A we have to imagine "magnetism" distributed

over the magnets, and to calculate the magnetic force due to this

magnetism. To this eventually the magnetic force due to electric

currents is to be added. On the assumption B we have to deal with

the force H, which, according to the equations of the electron theory,

is due to the circulating electricity.

1) H. DU Bois and K. Honda. Proceedings. Jan. 1910, p. 547. K. Honda.

Ann. d. Phys. (4) 32 (1910), p. 1027. Science Reports Tohoku University Sendai

1 (1912), p. 1. M. Owen. Proceedings. Dec. 1911, p. 637. Ann. d. Phys. (4) 37

(1912), p. 657.
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Concerning the molecular lield we will assume that it consists of

couples due to mutual actions of the molecules which are not magnetic

actions, and that on the assumption B it is out of the question that the

molecular field could change the moment of a magnet by induction.

The energy per unit of volume due to the molecular field may be

written as

— i kM\

if kM represents the molecular field.

We now follow the reasoning of § 52a. Hence we considei- a

physically infinitely small spher3 of volume B within the magnetized

body. The field within it, due to what lies outside it, is indicated

by 2, the field due to what lies inside the sphere by 1.

The energy within the sphere due to 2 may be called -. Ba,

that ,. ,, ,, ,, ,, the superposition of2 and 1:^/^,

1 • Be

In calculating the latter we distinguish

:

the own energy of each elementary magnet contained in B indivi-

dually ; the sum of these may be called Bp;

the energy due to the superposition of the fields of the different

elementary magnets: Bq.

We calculate p and q for the whole space (outside B only ether

being assumed) and then have to subtract from this sum the energy

in the outside space furnished by the elementary magnets that are

inside the sphere. Let this be Br.

Then
c=zp -\- q — r.

Let further BU,. be the energy of the (rotatory) heat motion,

which opposes the. directing of the particles {U,- is reckoned here

per unit of volume).

Then the whole energy per unit of volume is:

U = a^ h + p -^ q — r -- \ kW ^- U,-.

By the own energy p is to be understood that which is due

to the constitution of the elementary magnet and to its own field.

As on the assumption A nothing ever changes of the elementary

magnet, p is an absolute constant which need not be further considered.

On the assumption B, by p is understood the energy (magnetic

and eventually ordinary kinetic) which corresponds to the rotation

round the axis a (^ 48é?). This energy is supposed not to be included

in Ur- As the velocity of that rotation changes by induction, p is

not an absolute constant on this assumption.
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According to A as well as \o B (cf. § 52^/j

:

In calculating h and.r/ we have to distinguish between A and B:

Assumption A. In this case formulae are valid which correspond

to those which are valid for electrically polarized particles, viz.

:

ó^-lilfT/Z+^JiV [cf. (150)]

whereas in calculating q we have to take for each particle [cf. (152)J

—
k (m. h/i) ,

here h^ is the magnetic force wiiich at the place occupied by one

particle is brought about by the remaining particles situated inside

the sphere B, m the magnetic moment of that particle, considered

as a vector, (a, b) representing the scalar product of two vectors a

and b. If we take the sum for all particles inside B, we can write

q = — ^,Mha.

Assumption B. Now [cf. (151)]

2 / 1

In calculating q we have to take for each particle

i (m . hn ). [cf. § 52 rt,y].

This gives

q=i k ^J^^H\

On the assumption B we still have to consider the term p.

For the own energy of a magnet we may write (§ 48^)

but we must take into consideration, that the angular velocity
//

according to equation (140) differs from </„. From (140) follows

o„^|h| cos •9'

c

if the second power of the last term in (140) is omitted (if we
j-etained this we should take account of a term wliicli is even

smaller than the energy of the weak diamagnelism, which always

occurs as a consequence of the appearance of the field and which

is superposed on the paramagnetism, respectively ferromagnetism).

To distinguish it from the coefficient of the molecular field the

quantity k of (140) is indicated here by k.

From the formulae of ^ 15 one finds for the moment of the particle

1
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liGiire the last term in the above expression becomes

- (m . h).

Here h is the whole magnetic force acting on the particle, viz,

the Langevin force H (see below; with the exception of the molecular

tield kM. Omitting the constant term ^ Qg^"^ we tind

p=-M{}\ — kM) = — Hi¥ + kM\

Collecting the different terms we obtain according to:

Assumption A.

1/ I y \ r \ \ \ 1 1

2^37 3^372 '9 2
^

If we write }1 = H -]— M -\- hj^ -\- kM for the total force which
o

is to be put into Langevin's formula, we can also write

Assumption B

:

U= 1 fn + ii/Y+ ^i/^iï + ^Al\ - H J/+ k3P + i Mhi^

1

9
2 n r

With the aid of the above expression for H we tind again

U=hHB—hnM -i- Ur

We may combine the different terms of H

—

-H to one and write

it in the form k' M. There will be no objection to this, if we

consider that the term kM is by far preponderating. Then

With this we find

U={ H^ — {Jc M'' + U...

The work done on the body at an infinitely small change is

HdB
The heat to be supplied is then

dQ=zdU—HdB.

This gives

dQ = H dH— k'M dM + dUr - H dB
= — HdM — k'MdM + dUr

= dUr — B. dM,

which relation agrees with equation (18) ofthe preceding communication.
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Physics. — ''hothermah of inonatomic nuhatanca.^ and their hludri/

mktwes. XV. The vapoitr pressure of solid and liquid argon,

from the critical point down to — 206°." By C. A. Crommelin.

(Comiriunicated by Prof. H. Kamerlingh Onnes). Comm. N".

138c* from the physical Ijaboratory at Leiden.

§ 1. In this paper the coin[)leted results are given of all the

observations that I have so far made concerning the vaponr pressure

TABLE 1.
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of solid and liquid ai'gon. besides some results which may be deduced

from these observations.

The experimental material now at our disposal is put together

in table I. (see p. 487).

The determinations in P^ebr. 1910 have already been published^),

and are onl}' included here to facilitate the complete survej' of all

the vapour pressure determinations, and because we shall need them

in the following discussion of the results.

The observations in May 1912 were made on the occasion of the

determinations of the straight diameter ^) ; as regards the apparatus

we can therefore refer to the papers concerning this. We need only

remark that the pressure deter-.ninations were made with an open

standard manometer ').

The measurements in Dec. 1912 were made with the apparatus

already described") for the determination of vapour pressure ai low

pressures, which on this occasion also proved highly satisfactory.

As regards this last series of measurements we make the following

remarks. Before we proceeded to a measurement we waited until

the constancy of the pressure showed that the equilibrium betw^een

the phases was established. During this period the temperature was

of course kept as carefully as possible constant. The measurement

then consisted in reading the manometer and barometer several

times alternately. As a rule the pressure in the apparatus remained

almost completely constant during a measurement.

The values given for the temperature of the bath of liquid oxygen,

boiling under atmospheric and under reduced pressure, in which

these measurements were made, w^ere based upon a new comparison

of the standard platinum resistance thermometer Pi/ with the hydrogen

and the helium thermometers, shortly to be published by Kamerlingh

Onnes and Holst. This gives results that ditfer slightly from the

former calibration ^) but for none of the temperatures are they more

than 0^.05 and they are of a completely systematic character. The

cause of this difference is not yet clear. A dii-ect determination of

the difference between the boiling point of argon and of oxygen

will throw more light upon it.

1) G. A. Grommelin, Proceedings May 1910, Gomm. No. 115, and Thesis

Leiden, 1910.

2) E. Mathias, H. Kamerlln'gh Onnes and G. A. Grommelin, Proceedings Oct.

1912. Gomm. No. 131a.

3) H. Kamerlingh Onnes, Proceedings Nov. 1898, Gomm. No. 44.

*; H. Kamerlingh Onnes and C. Braak, Proceedings Oct. 1908, Gomm. No. 107a.

"I H. Kamerlingh Onnes and J. Glay, I'roceedings Sept. 1906, Gomm No. 95c and

II. Kamerlingh Onnes, G. Braak and J. Glay, Proceedings Dec. 1907, Gomm. N". 101a.
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My thanks are due fo Mr. G. HorsT, assistant at tlie Pliysioal

Laboratory, for making these tenipei-atnre determinations, and t'oi-

the calcuhxtions of the temperatnres.

The determination of the tri|)ie point was made difficult by the

undercooling phenomena which constantly aj)peared. If, while the tem-

perature was just above the triple point, the temperature was slowly

allowed to fall, it repeatedly ha]>pened that the whole mass of liquid

argon crystallized out. By allowing the temperature to rise and fall

with extreme slowness, and waiting j)aiiently for the establishment

of the equilibrium. I at last succeeded in establishing a temperature

at which the three phases remained in e({uiiibrium with each other

for nearly two hours. During this period, the triple point was
determined with an admirably constant pressure and temperature.

This also gave me an opportunity of observing that the piece ot

solid argon sank in the liquid, and remained lying at the bottom

of the tube, so that in the triple point the density of solid argon is

greater than that of liquid argon. We shall presently be able to

make use of this observation, although I had no opportunity to

make a quantitative determination of the density of solid argon.

Concerning the calculation of the observation there is nothing partic-

ular to remark. An atmosphere in Leiden is reckoned at 75.9488 cm.

mercury.

2. Representation of the observations by formulae.

In order to get a useful representation of the observations by

a formula, I first made use of Rankine and Bose's formula

for the field of liquid-vapour as well as for that of solid-vapour.

The result of the testing of the values of the pressure calculated

from these formulae by the values observed, are found in table IL

As can be seen in the table, the correspondence is fairly satis-

factory, especially in the part liquid-vapour, while it might be further

improved for instance by the application of tiie method of least

squares.

In the second place I have tried to apply to my observations

Nernst's^) vapour pressure formula. We may regard it as a purely

empirical formula with 4 coefficients, written in the form

A
logp ^ ^^ BT ^ D loii T -^ C

and then calculate the coefticients which correspond best to tlie

observations, without troubling about the theoretical significance of

1) VV. Nernst, Göttinger Nachr. 1900, p. 1.
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the coefficients. The result of a calculation of this kind is found

in table TIT. The correspondence is considerably better than with

Rankine and Bose's formula.

In the field of liquid-vapour the correspondence is less good, so

that we have omitted the calculation of the results.
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For practical use in the field of liquid-vapour therefore in our

case, Rankine-Bosk's formula is preferable to Nernst's. At the same

TABLE III. Solid—vapour
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7

loop = ^— + — log r - - C l^dT + C -\-

')

2.3 R

in whicli ?. ineaiis tlie heat of evaporalioii at the temperature T,

r, tlie specific iieat of liquid or soHd, r^, the specific heat of the vapour

and R tlie gas constant (all for a ^ramnieuiolecule of the substance).

1 have only made calculations from this formula for the field of

solid-vapour. The reason for this will be seen presently.

The measurements of Dittenberger ") and Pier '') both give the

value of 4.91 for the molecular si)eciric heat at constant pressure,

of gaseous argon at higher temperatures. As in many cases it has

been shown that this qnantity is conspicuously independent of the

temperature, we shall make use of it also for low temperatures.

For R we assume the value 1.985.

Concerning the value of c nothing is known experimentally. In

order to arrive at a rational estimation, in spite of this, of the integral

T

/:
-dT I calculated the frequency v from Lindemann's ") formula.

V — 2.80 X I'J'"'

Mv:i'

(in which the index refers to the melting point) and then values

for c at the various temperatures by the formulae of Nernst-

LiNDF,MANN ^) and of Debije"). In the field of temperatui-e with which

we have to deal, it makes no difference wdiich of the two formulae

we use ').

Finally the values of the integral were deternjined by the graphic

method.

Naturally these calculations could only be made for solid argon,

as Nernst-Lindemann's and Debije's formulae only apply to solid

substances.

1) 1. c. p. 80.

2) W. Dittenberger, In. Diss, Halle 1897.

K) M. Pier, Zeitschr. f. Electrochemie 15 (1900) p. 536.

4) F. A. LiNDEMANN, Pliysik. Zeitschr. 11 (1910) p. G09 and W. Nernst and

F. A. LiNDEMANN, Bed. Sitz. Ber. 1911 p. 494.

Ó) I.e.

6) p. Debije, Ann. der Physik. (4) 39 (1912) p. 789.

7) Tables for the calculation of c are published : for the formula of Nernst-

LiNDEMANN by F. PoLLiTZER, Die Berechnung chemischer Alfinitiiten nach dem

NERNST'schen Wiirmetheorem, Enke, Stuttgart, 1912, p. 162 sqq; for the formula

of Debije by W. Nernsï. Berl. Sitz. Ber. 1912 p. 1172.
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If we take the value 1630 for the molecular heat of evaporation

for all the lempcralures in the field considered, a vahie which is

cliosen willi a view to obtaining the best correspondence, and which

is not contrary to an extrapolation of tlio values of X for the liquid

given below then we tlnd the following.

i TABLE IV.
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the density of solid argon is greater than that of liquid argon, we

may conclude, upon the ground of the general thermodjnamical

rules ^), about the triple point, that the melting curve from the triple

point and in the immediate neighbourhood of it will run in the

direction of the higher temperatures and pressures.

4. Calculation of the heat of evaporation at different temperatures.

As the density of the liquid and of the saturated vapour is known

along by far the greater part of the vapour pressure curve -), we

were able to calculate the heat of evaporation for a number of

temperatures by the well known equation of Clapeyron-Clausius :

_ (dp\
^licj. vap. — -L I -j^ j

(^' vap. ^"lifiJ

p'or the simplitication of the calculations those temperatures were

chosen at which the vapour pressure determinations were made.

The derivation of the liquid and vapour densities to these tempera-

tures was made by the aid of the formulae that Keesom "') has given

for the curve of these densities. They are

Qii,=Qi,{i-\-A{i-t) + B{i-ty\

l>vap=9k{l + ^4(1-0- ^(l-O'j-

With the constants

A= + 0.744537 ;B= + 1.76408 ; X = 0.341571

and the critical density (>krd = 0.53078 ') they give a very satis-

factory correspondence with the observations, except for the vapour

densities at the lowest temperatures, where the percentual deviations

become very large. As, however, at these temperatures the vapour

densities can be calculated by the ordinary gaslaws, this gives no

difficulty.

The values of ( --, )
^vere calculated by the formula of Rankine-

\dl /coex.

BosE already mentioned.

All quantities were expressed in C. G. S. units, and then the

whole expression for the heat of evaporation divided by the mechan-

ical equivalent, in order to get the result in calories per degree.

The results are shown in table III.

1) Gf. H. W. Bakhuis Roozeboom, Die heterogenen Gleichgewichte, erstes Heft, p. 94.

2) E. Mathias, H. Kamerlingh Onnes and G. A. Grommelin, Proceedings Oct.

and Dec. 1912 and Jan. 1913. Gomm. No. 131a.

3) \V. H. Keesom, Proceedings April 1902. Gomm. No. 79. See also J. E. Ver-

scHAFFELT, Zittingsversl. June 1896, Gomm. No. 25 and Proceedings April 1900,

Gomm. No. 55.
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TABLE V. Heat of evaporation
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Leitungsfahigkeit stattfand", and "Wenn reines Kadmiiim über 80°C.

erhitzt wird, so wird es iiusserst spröde, ja, es kann sogar in einem

heissen Mörser mit der grössten Leichtigkeit gepulvert werden. Wir

würden die Bestiramiingen der Drahte nicht haben ansfüliren können,

wenn sie nicht überfirnisst gewesen waren, da sie sonst durch das

Bewegen des Oeles beim Umrühren in Stücke zerfallen waren. Es

ist bemerkenswert, dass diese Aenderimg in der molekularen Be-

schaffenheit der Drahte nicht irgend erheblich in der Leitungsfahig-

keit sichtbar wird."

These remarks formed tlie starting point of the following research.

2. The experiments on tin and bismuth had proved that metals

may show very great retardation in undergoing molecular changes,

at temperatures either above or below their transitionpoints. This

reluctance to undergo change is doubtless one of the reasons why

the allotropy of the metals mentioned above, which play an im-

portant role in industry, remained undiscovered until so late a period.

Anticipating our results with cadmium, we state that the same

may be said about this metal. Cadmium gives at 65° C. an allotropic

(enantiotropic) modification; the very strongly marked retardations

have concealed the allotropic change from the numerous investigators

who studied this metal in different directions.

3. Until the present we have used two methods of investigation.

a. Experiments with the Pycnometer.

The details of these determinations will be described in our paper

in the Zeitschrift fur physikalische Chemie.

We used a form of pycnometer which has already been described

(volume about 25 cc). The thermometers which could be read with

an error not exceeding 0°.01 had been compared with a standard

of the Phys. Techn. Reichsanstalt at Charlottenburg—Berlin. Gener-

ally we used water as a liquid in the pycnometer, but as a control

we sometimes substituted paraffmeoil for it.

All determinations we carried out in duplicate (using 16—30 grams

of the metal). The difference between two of these never exceeded

three units in the third decimal place. The metal (Cadmium-"Kahl-

baum") was purchased from Kahlbaüm—Berlin. We were not able

to detect any impurity in 100 grams of the material. We received

it in two consignments (flat rods) which we shall distinguish by the

letters A\ and K^

.

The density of K^ we found to be:

dt_ 8.635; 8.632; 8.633; 8.633 mean 8.633
4°
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in independent determinations, taking fresh quantities each time.

For K^ we found:

25°
d-^ 8.641; 8.644; 8.642, mean 8.643.

4. After heating K^ at a temperature of 150° during 95 hours

in a current of dry carbon-dioxyde which was freed from oxygen,

we found

:

25°
^-^8.630 and 8.633.

These figures show that the density of the metal had not been

changed by the heating.

5. As there was a possibilitj- that we had passed a transition

point, but that cadmium showed similar retardations to those which

we had found in the case of bismuth (and tin), we heated a certain

/ 25° A
amount of K„

(
d —^ = 8.643 I during 3 days and nights at 100° in

contact with a dilute solution of cadmiumsulphate. After this time

the metal was chilled (at 0°) and washed with water, dilute hydro-

chloric acid (these liquids had been cooled) alcohol and aether. It was

then dried at 30°. Two determinations of the density gave:

25"
d—^=rz 8.633 (and 8.633)

This experiment showed, that by heating at 100° a change had

been produced in the metal which lowered its density (measured at

25°.0) by 10 units in the third decimal place; our duplicate determin-

ations prove that this difference exceeds considerably our experimental

errors.

6. In order to determine if a change of density takes place at tem-

/ 25° \
peratures below 100°, we warmed the metal d —- 8.633 and 8.633

again in contact with a solution of cadmiumsulphate during 14 hours

at a temperature of 60°—70°. After the manipulation the metal was

chilled, washed, and dried in themanner described above. Its density

was now

:

25°
d— 8.620,

40

which proves that there occurs at 60—70° a diminution of the

density of 11 units in the third decimal place.

7. We repeated the experiment described in § 6 with the specimen

,25"
the density of which was now d— 8.620, keeping it this time
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during 24 hours at 40°. We found:

(^^8. 642 and 8.643.
4°

Its density (taken at 25°.0) showed an increase of 22 units in

the third decimal phice.

8. The experiment of § 6 was repeated again Avith the metal

25°
that had now a density of d —^ 8.642 (8.643) (Vide § 7). After

having kept it during 24 liours at 60— 70° in a solution of cadmium-

sulphate, we found (after chilling, washing etc.):

25°
d— 8.631 and 8.633.

4"

At 60—70° there has been again a decrea.^-e of 10 units in the

third decimal place.

9. The experiments of §
5—8 prove that there is a transitiontem-

perature between 40° and 70°.

10. In order to fix this temperature more closely, we carried

out the following

b. Experiments with the Dilatometer.

In order to measure as accurately as possible the changes of

volume which the metal undergoes within short times, we used 360

grams of our metal K^.

After having reduced the metal to turnings, we heated it during

24 hours in contact with a solution of cadmimnsulphate. The metal

was then chilled and washed and transferred into a dilatometer

which was then filled with paraffmeoil. This had been heated for

some hours at 200° (under reduced pressure) in contact with finely

divided cadmium, until there was no more evolution of gasbubbles.

In order to reduce as far as possible the quantitj' of this oil the

expansion of which would have made the measurements more

troublesome, a quantity of small glass-beads was put into the bulb.

11. The dilatometer was now kept at different but constant tem-

peratures by means of an electrically heated thermostat which we
shall describe in full later. The temperatures at which the readings

of the meniscus were made, remained constant within 0.002 degrees.

(A BECKMANN-thermometer was used in the thermostat). By this

device the dilatometer becomes an instrument of precision.

The results are given in the following tables ^).

^) The capillary tube (diameter of bore 1 mm.) was bent into a horizontal position.
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TABLE I.

Temperature
Duration of thej pjse of the level
observations
in hours. of oil in mm.

Rise in mm.

per hour

49°60

59.60

60.45

£2.40

64.90

66.90

84.40

lO'/o

5

3'/2

9'/2

4

16'/2

6

— 1500
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E R R A T ü M.

In the paper on canonical elements bj Pi'of. W. ük vSitteh in tlie

Proceedings for September:

pages 290— 291: From page 290 line 19: 'Jji tlic same way....''

to page 291 line 21: "We then have"

should be inserted on page 289 between the lines 19 and 20. after

". . . already quoted".
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Physiology. — ''On hearing-apparatus examined after Lord Ray-

LEiGH'.y mode of arrangement." By Prof. H. Zwaardemaker.

(Communicated in the meeting of September 27, 1913).

In an earlier publication ^) we were guided by the pi-inciple that,

before endeavouring to find a fitting a|)paratus for a diseased organ

of hearing, we should first of all examine its auditory range in the

zone a^ to e^ • The apparatus has to supply the deficiency of the

organ. The experimental part of our previous researches was performed

with a microphone (in camera plumbica-)) and a string-galvanometer.

Lord Rayleigh's mode of arrangement is unquesiionably a better

method.

§ 1. Non-resonating arrangement.

Zernov placed Lord Rayleigh's small mirror^) obliquely to the sound-

wave and encircled it by a gauze screen. In this way all resonance is

pre^•ented; however, the sensitiveness is relatively small. That was why

I took an afferent tube of (he dimensions of the auditory canal and

drew up before it a funnel, whose tone of resonance lies beyond the

speechzone and whose mouth corresponds in width with the auricle.

Hereby resonance is excluded, except such as the human ear is

always subject to. The place where the measuring mirror is suspended

corresponds to that of the tympanic membrane, with this difference

that in the case of stationary waves, there is always a node on the

membrane and a loop on the mirror, for the former is strongly

damped by the auditory ossicles, whereas the latter is damped only

by the air ^).

The width of the artificial auditory canal is 6 mm., the diameter

of the mirror, used in the experiment, is 4 ram. It is placed at an

angle of 45° immediately in front of the canal. To keep off the

streams of air a small plug of cotton-wool is put in the afferent

tube. The stopped wooden pipes, sounded with maximum power

Avithout causing a deflection or an anomalous vacillation, yield the

following results as registered at 1 m's distance in the camera silenta

(mirror completely stationary ; absence of resonance ; the wall of the

1) "On hearing-apparatus" Nederl. Tijdschr. v. Geneesk, 1912. 11. p. 1101.

2^ "Eine Camera plumbica fiir Mikrophone". Zeitschr. fur biol. Technik. Bd. 11.

S. 340.

3) Zernov used a magnet I o ensure a constant position of rest. I adopted a

simpler method by applying a flat Wollaston fibre. (See tliese Procs. XVI p. 195.

4) ViOLLE, Acouslique, 1892, p. 108.
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voorn (hit'klj padded witli horseliair) : a, 3 (5), ais, 5, h^ 1 (3), c, 1

(5), ds, 2 (3), <1, 1 (2), d!s.^ 1, e, J, f, 1, fis, 1, ^, 3 (2), yis, 2\/,

(1), </, 4 (2), ais, 3 (2), />, 2, C3 2, cw, 1, d, 1, dis, 1 (2), C3 4 (6) ^).

The procedure is quite simple. At a distance of 'J m. the organ
pipe is sounded twice, tone for tone, once with the hearing apparatus,

another time witli the comparison-funnel. The reinforcement is ex-

pressed in the ratios of both numbers.

§ 2. Hearing-apparatus loith selection, lüithout the aid of foreign

energy.

In the publication alluded to above, an endeavour was made to

classify hearing apparatus as follows: 1. contrivances substituting a

deficient conducting apparatus, 2. apparatus bringing the sound

generator nearer" to the listener, 3. apparatus aflbrding an enlarged

receiving capacity, 4. apparatus reinforcing a certain group of tones,

5. apparatus reinforcing ihi'ough foreign energy.

P'or shortness sake only the last two groups are discussed in the

present paper.

Most of the ear-trumpets used by deaf people belong to the

apparatus mentioned sub 4. In them the reinforcement is occasioned

not only by selection, but also by the widening of the receiving

surface and by shortening the distance from the speaker. This is a

peculiar feature of Guyf/s apparatus, which is largely used in our

country. Tested by Lord Rayleigh's mode of arrangement it yields

the following results, illustrating the reinforcement of every single

tone : (see table 494).

The most reliable of these determinations is the One in the first

column. With the old method the resulrs were liable to be misleading

in virtue of undue selection of certain tones. With our method this

is out of the question, there being no other resonance than that

which is always present in the human ear itself (meatus, auricle).

The specimen of Güye's apparatus that we examined this time,

reinforces the discant of the speechzone; the one investigated in 1912,

acted similarly upon the bass as we found by electric measurement.

An improved specimen of modern type (copper spiral along the

border of the inner receiver, the inside of the latter being covered

with velvet) also intensifies the discant more than the bass. It

appears that the new models are discant-intensifiers and that their

influence is distributed evenly over a wide range. To make assurance

double sure, 1 subjoin the results of a measurement in the camera

silenta, i.e. free from all room-resonance.

') The figures in brackets apply for determinations made in anollier room.

32*
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GuYE*s hearing-apparatus. New model of large size (receiving funnel 191 cm2).

Table showing how many times the sound is reinforced r>s compared with a

receiving funnel of about the width of the auricle (21 cm^).
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Guye's Iiearing apparatus tested in the camera silenta (its

reinforcement compared with a funnel whose width is nine
times smaller).

^3 10
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Less conspicuous, but still very dislirict is the resonance reinforce-

ment with a number of hearing apparatus I examined some time ago

by means of microphone and string-galvanometer and which I have

now measured again by Lord Rayleigh's mode of arrangement.

Reinforcing influence of German apparatus, compared with that of a control-

funnel of 21 cm2.

(Measurement in the camera silenta).
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It is remarkable (lial two luaxiiiui of resonance occur in all lliese

appai'atus. 1 suppose there is still a t'.iird, very low or very liigli,

and therefore lying beyond the lower or the upper limit of the

speechzone. If this is the case it would fall in with the fact that

such an apparatus is always composed ot two resonating cavities, which

invariably yield three maxima, as I i)ointed out elsewhere ^).

As stated before the same apparatus was tested in 1912 with the

aid of microphone and string-galvanometer. The reinforcements tlien

detected were of the same onlev and the resonance-maxima were

generally found at the same points (only Ideal-Taschen showed

considerable deviation). The common average of electric measurements

I found to be 14; of non-resonance measurements 10 in an ordinary

room and 7 in the camera silenta.

As to uniformity the reinforcement is far from satisfactory, because

the amount of damping of these resonators must not be excessive,

of course : considerable damping would destroy the reinforcing faculty.

§ 3. Bearing-apparatus with foreiga energy.

The average reinforcement produced by resonating hearing-apparatus

cannot be strong even without any damping. For a strong intensi-

fication electric energy is required. The sound is made to impact

on the microphone, wliicli is in circuit with the telephone; hereby

the electric energy is converted into acoustic energy. The gain thus

effected is sometimes so great, that by potent damping we are enabled

to expand the resonance of the membrane, which we have to take

to boot.

Thus in a perfect way we readily obtain the average reinforcement

of Guye's apparatus. The following table shows the results of a

comparisorj with the usual control-receiver, whose width is precisely

equal to that of the ordinary microphone of aural surgery. The

width of the opera-aurophone is 272 times as great, because a funnel

is placed before the microphone.

Far more striking results can be obtained. Then, however, a noise

of "boiling" often reveals itself in the microphone, which is imme-

diately associated with too extensive amplitudes of the sound-vibrations

at the highest resonance of microphone- and telophone-membranes,

in tune with each other. During the measurement this disturbance

expresses itself in a restless to- and fromotion of the mirror. As

yet no damping contrivance has been devised to overcome this disorder.

^) "Multiple resonance" Ned. Tijds. v. Geueesk. 1913 II p. 647. When trying to

delect the 3''' maximum in the pleophone I found it lying rather beyond 63

.
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Reinforcement of electric apparatus, determined in

non-resonant arrangement.
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Chemistry. — ''IVu' sidhHUy of ri.c/o hi/droctii'hoiis in connection

with their coafiguration. The trdnsfoi-niatioa of ci/cio-he,vene

into benzene and ci/clo-he.vane." (Contribution to tlie knowledge

of catalytic phenomena). Hy Prof. J. Böksp:ken and K. H. A.

SiLLEvis. (Communicated by Prof. A. F. Holleman.)

(Communicated in the meeting of October 25, 1913).

1. When studying the stability of hydrocarbon compounds below
400*^ and in the presence of catalysts account must be taken of the

fact that under those circumstances there is only one real stable

equilibrium^) namely

CH, > C (graphite) + 2H„

which, below 400°, is practically situated entirely at the methane
side.

Hence, if this gas is generated from an arbitrary hydrocarbon,

this will be a proof that the catalyst employed is capable of causing

the real equilibrium under the conditions of the experiment.

Experience has now taught that under the influence of definite

conditions, transformations may occur and equilibria be possible

without methane being evolved or carbon being separated.

All these latter equilibria are metastable and the possibility of

their realization is closely connected with a judicious choice of con-

ditions and catalyst. In order to choose properly we must first ask

which catalysts are the most suitable for definite changes. ^)

In the hydrocarbons we are dealing with three kinds of bonds:

the C-C-, the C-H-, and the H-H-bond. In order to attain the real

equilibrium the catalyst must be able to exert au action on all bonds

(to effect a dislocation)-) which is only possible when, under the

conditions of the catalysis, it does not unite to form stable compounds
with the elements or combinations thereof which are to be "activated".

On the other hand they should be substances which, under some-

what modified conditions, can unite with carbon as well as with

hydrogen (H. J. Prins). ')

1) M. Mayer and V. Altmayer. B 40, 2134 (1907) ; v. Wartenberg Z. ph. Uh.

61, 366 (1908) 63, 269 (1909).

-) 1 refer to the dissertation from H. J. Prins, Delft 1912, wherein, supported

by the principle of reciprocity, lie has endeavoured to give an explanation of the

catalytic phenomena.

8) Recueil 29, 86 (1910).
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Substances wiiicli are most suitable tor this purpose are metals

wliicli form carbides as well as hydrides. Tiieir catalytic action will

be the most powerful^) in the region where these combinations

exist in a condition of dissociation, where, consecpientlj the "activa-

tion" is greatest without the catalyst being paralyzed by too great

a chemical action.

To these metals appear to belong in the first place nickel and

cobalt (Mayer and Altmayeh I.e.); to their action must be attributed

the fact that during the hydrogenations according to .Sabatier and

SENDEREi^is ^) considerable quantities of methane are often formed.

The activating power of a catalyst will, however, have to be

unequal, under the same conditions, for each of the bonds, because

the dissociation regions of the carbides and the hydi'ides will not as

a rule coincide, and experience has taught that nickel is eminently

suited for the hydrogenation. of hydrocarbons without methane being

evolved, if only we keep below ± 240°.

Hence, the C-C-activation of nickel at tlie ordinary pressure only

appears to, become appreciable above that temperature, which we

may call the catalytic limit for that bond. Little is know^n of

the limit of the hydrogen activation of nickel, which seems to be

greatly dependent on the condition of the metal, anyhow the tempe-

ratures at which this activation becomes important and the hydro-

carbon activation limit do not diverge greatly.

In the case of other metals these limits may differ more seriously.

This is shown in a vei'y convincing manner from the research of

Zelinsky '). He demonstrated that palladium black, which at 0° is an

excellent hydrogen "activator" did, at 300°, resolve cyclo-hexane

into benzene and hydrogen only ; the catalytic limit of palladium

black for the 0-C-bond of cyclo-hexane is therefore situated above 300°.

Hence, if we wish to study the resolving or combining reactions

of a hydrocarbon and hydrogen, palladium black is the catalyst

per excellence. ').

1) Compare Ann. Gh. et Ph. [8] 4, 3o6 (1905J.

2) B 44, 3122 a911) ; 45, 3678 (1912).

3) In reality, at least two bonds are activated simultaneously, for instance the

GH and the HH bond or the G-G and the other bonds; in order not to become

too prolix we will distinguish provisionally the carbon and hydrogen activation

only. Under carbon activation I, therefore, understand here the influence which

is not limited to causing a dislocation but leads to a dissociation of the saturated

carbon-carbon bond. Before this point is attained some activation still takes

place but this can lead at most to linking and splitting off of hydrogen ; hence

to simplify matters 1 am speaking in thai case only of hydrogen activation.
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2. By tills liappy choice of catalyst, Zf.linsky sliowcl that beii'/.ciio

and cyclo-liexaiie, at ± 200° and at the ordinary pressure, are

related according to the mobile equilibriiini :

which, above 300° is shifted entirely in the direction of benzene

and hydrogen, and below 170° wholly in the direction cyclo-hexane.

From this follows that at 300"^ cyclo-hexane is .5W/7(9;^satu rated,

that six carbon atoms which are linked together are no longer

tctra\?\Q\\i but ^r/valent in regard to the hydrogen. It is true the benzene

at the ordinary' temperature is unsaturated for hydrogen, but if \ve

take into consideration that the decomposition of cyclo-hexane starts

at 170° that unsaturation cannot be consideralde.

The knowledge of this equilibrium enables us to understand why
the aromatic compounds are reduced with difficulty and why they

behave somewhat like saturated hydrocarbons ; without a catalyst

like palladium black we could not have elucidated the matter experi-

mentally.

Nickel would have been less suitable because below 100° it is

but little hydrogen-active and also because not far above 300^ it

becomes too much carbon-active.

One of us ^) has pointed ont that the great general stability of

the aromatic compounds, to which belongs this little-pronounced

unsaturation, can be deduced from the "Werner principle of affinity

distributed evenly in space" when we take into consideration the

extraordinary favourable steric distribution of the atoms. This stability

can differ very little from that of the hydroaromatic compounds

because the distribution in space is more favourable.

He also considered the question why, in substiiutions in the

benzene nucleus the additive products to be expected have as yet

not been isolated. These ought to be derivatives of di- or tetrahydro-

benzene.

If we consider these hydrocarbons themselves we notice that here

is found an unequal distribution of the unsaturation as well as of

the atoms in space ; in the presence of suitable catalysts they ought

to be converted more readily into benzene or cyclo-hexane than the

two latter into each other.

Guided by these considerations we have studied in the tirst place

the behaviour of cyclo-hexene. As stated above, this hydrocarbon

1) Proc. March 1912.
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will not only be much more iiiisatiiivited than berizene, which fact

has long been known, it must also he much more supersaturated than

cydo-liexane and he converted into henzene under conditions tvhere

cyclo-hexane does not yet lose hydroyen thus, for instance at 180^ and

in [he presence of a suitable catalyst. For this purpose we have

passed cjclo-hexene over nickel at 180° in a current of carbon

dioxide and indeed obtained a considerable quantitj' of benzene (with

cyclo-liexane) ^).

The labile cyclo-hexene will begin to split into benzene and hydrogen :

^6^10 = CgHg -|- 2Hi, ,

but this hydrogen will subsequently form cyclo-hexane with the still

undecomposed cyclo-hexane; the whole process thus progresses:

3 CgHi„ = CgHg -f- 2 CgHjj

.

Hence, according to this equation a mixture of 33.37o of benzene

and 66.67ü of cyclo-hexane should have formed; in' reality we found

about 407o ol' benzene while 2 a 47ü of cyclo-hexene had remained

unchanged; the remainder consisted of cyclo-hexane.

The fact that too much benzene has been found here may be

due to different causes. First of all, the decomposition of cyclo-

hexane into benzene and hydrogen starts already at 180° (Zelinsky I.e.);

true, we have found no hydrogen in the reaction products but we

found CO, which may have been generated by reduction of the CO^.

This formation of CO points, however, to the fact that, in this

case, the CO2 must not be looked upon as an indifferent gas, so

that the experiments will have to be repeated in a current of Jiitrogen.

Although the vapours evolved were cooled by means of solid carbon

dioxide and alcohol there is still a chance that a little has been

lost by evaporation which may also be a possible source of an excess

of benzene.

In any case the supersaturation of the system CeH^o in regard to

CgH^ -T- 2 11^ has heen proved sufficiently.

It now speaks for itself that, in the hydrogenation of benzene

according to Sabatif,r and Skndkrens, substances like cyclo-hexane

— even supposing them to be actual intermediate products — cannot

be retained. When they are converted almost completely into benzene

and cyclo-hexane in an atmosphere of CO^ nothing is to be expected,

in presence of an excess of hydrogen, but cyclo-hexane mixed

^) For this we have chosen for practical reasons nickel and not palladium

particularly because, as a matter of fact, we kept far below 240°.

At the ordinary temperature Pd. and Pt. were not active enough to promote

the transformation.
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eventually' willi benzene (if vvoiking above ISO'') and wiili methane

if workiiii!; al)o\c 240'^.

3. As legai'ds the experimental pai't, the cyclo-hexane was

prepared from ejclo-hoxanoP) by slowly distilling this, according

to Brunbt, ^), with dried and powdered KHSO^ (80 grams to

200 grams ofCgHnOH) from a llask with a high adapter and then

fractionating the distillate:

A liquid Bp.., = 82°.ö^83'.5
; D/"=r 0.8120; n/;^' = 1.44617

was obtained.

In glacial acetic acid it rapidly took up bromine so that in

presence of benzene and cyclo-hexane it could be titrated with

the same.

260,4 mg. of cyclo-hexene mixed with 1 gr. of CgH^ and 2 gr. of CgHj.^

consumed 510 mg. of Br^ calculated 508 mg.

298.6 gr. with 1.5 gr. of C,H„ and 1 gr. of C,H,,

consumed 584.5 mg. of Br^, calculated 582 mg.

Subsequently a ceitain weight was passed slowly and in a feeble

current of CO^ over active nickel heated at J 80°. We used the

apparatus that had been employed for the decomposition of

oenanthol^) with this understanding, however, that the CO^ was first

carefully freed from oxygen and that the vapours leaving the

electric oven were first cooled by ice and salt and then by alcohol

and solid carbon dioxide to be finally drawn into an aspirator.

The cyclo-hexene was dropped at the beginning of the oven from

a small capillary pipette in such a manner that the minute droplets

arrived in the tube at the spot where the carbon dioxide was

introduced.

First of all, the products obtained were tested qualitatively.

The liquid obtained had a pronounced odour of benzene, whereas

the characteristic odour of the hexene had all but disappeared; it

was cautiously nitrated with a mixture of sulphuric and nitric acid,

the product obtained after being washed was fractionated ; the fraction

passing over below 100° was freed from nitrobenzene by means of

tin and hydro-chloric acid ; it now distilled at 80°, solidified at 5,°5

and had the agreeable odour of cyclo-hexane.

The fraction boiling above 100° was converted into aniline and

identified as such.

A few quantitative determinations were then made, that is to say,

it was determined how much bromine was taken up in a glacial

i) This latter according to Holleman Recueil 24, 21 (1905).

2) Bull. [3] 33, 270, also Willstattfr B. 45, 1404 (1912).

3) Recueil 32, 27 (1913).



504

acetic acid soltition in order to ascerfain tlie content of nnchanged

cyclo-liexene; the hydrogenation figure was then determined according

to Willstattkr's method, with active platinnm in glacial acetic acid

from which, after dedncting the hydrogen required for the reduction

of the cyclo-hexene, the benzene content could be deduced, and finally

the density and refraction were determined l)y way of control.

The subjoined table gives a survey of the results obtained.

TABLE.

Substar.ce
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some time in tlio |)reseiu'c of an immense excess of alnniiniuin

chloride.

A transformalion of cyclo-hexanc or of a mixture of benzene and

hydrogen into methylcyclo-peiitane at a high pressure and tempera-

ture has been observed, however by Ipatiew and Kizner.

Ipatievv ') heated quantities of 40 grams of C,,Hi2 with 3 grams

of AljOj at 500—510^ and under a pressure of 70 atm. and could

liberate from a total of 700 grams a little of the cyclo-pentane

derivative ; in addition a great many aromatic compounds and

unsaturated hydrocarbons had formed. •

Also this experiment does not say much more but that the hydro-

carbons are possible in presence of each other which, moreover,

does not signify much as, like in A soman's investigation, there is

here no question whatever of an equilibrium attained. Both experi-

ments prove that Al^Oj and AlCl^ are bad catalysts for the saturated

carbon-carbon bond, which could not be expected to be otherwise ^).

Of much more importance is the observation that benzene is con-

verted into niethyicyclo-pentane when it is heated at 280° in a

sealed tube with an excess of HI '') because from this it follows

that at 280° and under pressure the cyclo-pentane derivative is more

stable than the cyclo-hexane or the mixture of ^\B.g and hydrogen.

Of a pure catalysis there is. however, also no question in this

case as a very large excess of HI and I.^ has been employed here;

moreover, this superior action of iodine over AICI3 is in harmony

with the fact that the element can unite with hydrocarbons as well

as with hydrogen to form dissociable compounds under conditions

which are not far removed from that of the discussed transformation

(H. J. Prlns I.e.).

In order to study the relation of the two isomers at the ordinary

pressure we will hax'e to choose in any case a C-C-activator such

as nickel exen if we run the risk that a part of the system attains

the methane equilibrium.

The fact that not much methylcyclo-pentane can have formed in

the transformation of the cyclo-he.xene into benzene and cyclo-

hexane at 180° as studied by us, is, moreover, shown from the

1) B. 44, 2987 (1911).

-; On the other hand the large quanlilies of higher condensation products of

an aromatic character show that AICI3, in particular, activates the unsaturated

bonds. As soon as a saturated hydrocarbon begins lo lose hydrogen under tlie

influence of AIGI3 this property must lead to the actually observed complications.

3) N. N. Kizner. Gent. Bl. 1897 II, 344.



iigures found for density and refVaetion. These are for the naplilene

:

^/^^^^ = 0.7488 and ?ii>'-^-^ =r 1.4096 '), hence, mnch smaller than

that of cycio-hexene.

Now, the densities found by ns are certainly somewhat below the

calculated ones, bur on the other hand the indices of refraction are

somewhat higher. Moreover, the product freed from benzene by

nitration had almost the true solidifying point of cyclo-hexane whereas

this suffers a very strong depression by the presence of admixtures''').

Hence, after the nitration, these cannot have been present in quantities

exceeding 1 "/o-

SUMMARY.
1. Cyclo-hexene at 180° and ordinary pressure is metastable in

regard to the cori-esponding mixture of benzene and cyclo-hexane."

2. Cyclo-hexane at 300° and ordinary pressui-e is metastable in

regard to the corresponding mixture of benzene and hydrogen

(Zbuinsky). Six cyclo-combined carbon atoms are then trivalent in

regard to the hydrogen.

3. Cyclo-hexene at 180° and ordijiary pressure is metastable in

regard to rhe corresponding mixture of benzene and hydrogen.

4. Cyclo-hexene is more strongly .wp^rsaturated with hydrogen

than cyclo-hexane.

5. Probably, methylcyclo-pentane at 280° and under pressure is

more stable than the corresponding mixture of benzene and hydrogen

or cyclo-hexane.

6. Nickel is, in the first place, a hydrogen activator; the carbon

activation becomes only considerable at 240°; at 180° this latter action

in regard to the first may be neglected.

7. Palladiuni is an excellent hydrogen activator, the carbon activa-

tion may still be neglected at 300° (Zelinsky).

8. Iodine at 280° and under pressure is presumably a strong

hydrogen and a feeble carbon activator "').

1) Zelinsky. B. 35, 2684-86 (1902).

~) Masgarelli states a molecular depression of about 200 (Atti R [5] 16 I 924

(1907); Ihi' value we obtained also in the determination of the melting line of

the system CgHg—CcHij which consequently takes a very asymmetric course.

8) See Pat. Kl-o 250236 3/8 1910, Zentr. Bl. 1912 II 1084.
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Meteorology. — ''On the relation hetiveen the cloudiness of the shy

and the duration of sunshine". By Dr. J. P. van der Stok.

(Communicated in the meeting of September 27, 1913).

1. The subject, mentioned in the title, has but rarely and then

cursorily been discussed in meteorological textbooks, periodicals and
monographs, and the fact that the sum of degree of cloudiness and
duration of sunshine, expressed in percentages and considered for

monthly or seasonal means, differs little from 100, is then regarded

as a satisfactory result concerning both methods of observing the

covering of the sky.

From observations taken during many years and for three European
stations in different climates we find :
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TABLE I.

Sums of cloudiness and duration of sunshine, Monthly means.
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Mean



part and tliat the differences as sIio\vii in these tables ninst be

ascribed rather to the nature of I he clouds than to this reason.

When treated in this way sevei-al peculiarities are observed which

remain concealed when daily means are used e.g. the fact that near

Helder the cloudiness is smaller than at de Bilt, whereas de Bilt

shows 5 7o niore of sunshine.

Furthermore these tables show that in wintertime also, when

the suns elevation is very small (in January for 52° L. N, and 2

p. ra. the sun's height is only 12.25°), the sums mostly exceed 100 7o-

If we do not wish to ascribe the different relations at de Bilt

and Helder, characterized by a difference of 10 7o ^^ the sums for

the whole year, on the one hand to a difference in the estimate of

cloudiness or, on the other hand, to instrumental unequalities, an

explanation of these phenomena is required.

That the sum of cloudiness and duration of sunshine is more than

100 7o ^iid that this fact is not shown in monthly means because

two opposite causes neutralize each other, has also been remarked

by others e.g. by Besson and Coeurdevache ').

We can now take a further step and, from the frequent occurrence

of extreme values, conclude that also the numbers of tables H and

HI cannot be considered as a proper measure foi' the relation

between cloudiness and duration of sunshine and we may expect

that the sums must be considerably larger for average values of

cloudiness.

This conclusion is fully confirmed by the data of tables IV and

V, giving the results of a classification of percentages of sunshine's

duration according to those of cloudiness. Table V is printed as

an example of the way in which different combinations may occur.

Although the numbers of table IV do not everywhere show a

regular course, they clearly demonstrate that the sums of cloudiness

and duration of sunshine may amount in summer to more than

130, in winter to more than 110 7o-

In this communication the disagreements between different stations

are not taken into consideration and the question is restricted to

the problem : how to explain the absolute values, the differences

between summer and winter and the position of the maxima as shown

in table IV for the station de Bilt only.

2. In order to find a possible relation between the results of

both methods of observing the covering of the sky, it is in the first

place necessary to consider, what is understood by the term "degree

1) Ann. Soc. Meteor, de France, 56, 1908 (73).
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Sums of cloudiness and d

De Bilt,
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of C'loiidiness", and, ii possible, to substitute a simplei- definition,

suitable for niatliematical treat ment, for this evidently complicated

conception.

In lig-.(l ) the plane of the drawing

represents a plane ^oing through

the observer in and the zenith

in il7o ; the circles are projections

of spherical clouds upon this plane,

the diameter of the clouds is

denoted by d, their mutual distance

by A.

Fig. 1. The apparent proportion of white

to white and blue in the sky will be different according to the part

of the arc q^, (f\
—

(f\ v^+i—f/» considered ; obviously the apparent

cloudiness of the ?i^i' order is

y«+l — <Pn

As we have here to do with proportions, and angular values are

unsuitable for mathematical treatment, we substitute for the pro-

iection upon the sky -arc the projection upon the straight line

Mii Ml . . . Mn ; then the apparent cloudiness is defined as

:

il/„_l_l ?»„_|_i 4- Mn tin d cos {(fr,-\-l «,;+]) + COS [cfn + «n )

il/„+l Mn

d

Sn —

Here
A

A 2 cos {rpn-\-l — «„_|_i) COS {fpn + «« )

denotes the true cloudiness W of the sky, the cloudiness

being defined as a proportion between linear quantities. When the

spheres are not very large we can assume an average value for

n and it ~\- '^, and the apparent cloudiness of the n^^^ order becomes:

S„ ^ W cos ffn COS an

cos^ Cfn — sin"^ an

or, as sin a„ = sm ao cos (fn

COS^ (fn ']
=

Sn = W

1 -\- n^ q- ^ h

vn^q^ -{- cos" a,^

COS- «„

If the clouds are not large so that cos ^a= 1 may be assumed

as equal to unity, this expression becomes, owing to the relation

nq^ tang cp»,
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3

o.,

W
cos

(f ,1

As cos ^6 =r 0.99, this will hold good for pretty large clouds

which, when seen in the 7>enith, are measured by an angular value

of 12°.

At a zenith's distance

ff = arc cos
(
W)

the apparent cloudiness becomes equal to unity, i.e. the cloudbank

begins there, which is always more or less manifest when the clouds

are regularly spread over the sky.

In the foregoing considerations the true cloudiness (TF) is regarded

as a proportion of linear quantities, whereas in reality the proportion

between white and blue in the plane going through J7„ Af^ M^ and

at right angle to the plane of the drawing of fig. (1) ought to be

considered, and the question arises in how far it is permissible to

substitute a fictitious linear repartition along a line for a real cloud-

iness as measured in a plane.

^^ ^-^ ^-^ In fig. (2) the clouds, assumed to

v_y V_y \^ be spherical, are projected upon the

plane going through their centra and

an observer, looking at this plane from

a point below the origin of coordi-

r~^ nates, will notice totally different pro-

portions between white and blue in

/^ /^ different directions.

^-^ ^-^ If, as in fig. (2), the mutual distance

^-. ^-^ ^-^ A is equal to twice the diameter d,

v_/ \^ \y he will notice six different degrees of

Fig. 2. cloudiness within an angular distance

of 45°, as denoted by full lines, and the alignments a and e will

be repeated 4 times, the other 6 times over the whole sky.

The average cloudiness derived from this regular arrangement

is then

1

20
1 +

i/2 2l/5 2V/lO 2l/l3 2i/l7"
+ + + = 0.214.

2 ' 5 ' 10 ' 13 ' 17

From the proportion between the surface of the circles and the

total surface of the corresponding plane we find for the true cloud-

iness, according to the formula :

4A^ 16

showing a difference of 1.8 "/o-
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Although tliis calculation (given as an example, not as a proof)

is applicable only to moderate and small degrees of cloudiness,

because a cloudiness 10 cannot be represented by circles, we may

conclude from this example that it is permissible to substitute a

linear for a surface-cloudiness of which it is impossible to give a

final detlnition because a given proportion of white and blue in a

plane can be represented in very different ways.

3. In the foUov/ing calculations we assume the clouds to have

the shape of an ellipse rotating about a vertical axis and that these

clouds, if average values derived from many observations are used,

may be considered as small so that the tangents, drawn to the

ellipse in a vertical plane, may be regarded as parallel. The well

known fact that the dimensions of all objects (mountains, constel-

lations, sun, moon) when seen near the horizon appear strongly

exaggerated, is taken into account by introducing a physiological

factor fiff).

The relation between true and apparent cloudiness in a point at

a zenith's distance (p then becomes :

Ws= Wfiq) \/l -\- P tang V/), (1)

where h denotes the proportion between the vertical and horizontal

axes of the ellipsoid i. e. greater than unit}^ when pointed upwards,

smaller than unity when oblate.

We further assume that an object at the fiorizon is seen twice

as large as in the zenith, and as /(r/) must satisfy the condition

that / = 1 for </=: 0, the simplest forms which this function can

be given are :

f\ztz\ -j- sill
(f) , )\ =r 2 — COS '^(p

, /g =: 2 — COS (f.

Of these functions the first corresponds with the greatest, the last

with the smallest augmentation for values of (f near 45°.

The value of the angle /?, the zenith's distance where, appai'ently,

the blue disappears out of the sky and the perspective cloudbank

begins, is then determined by the formula :

W.fldi) . Vl~-\- ¥ tang '^= 1 (2)

and the sum of the cloudiness in the arc fp ^0 to fp .-= /i becomes :

p

IW= W
I
f{fp) . V\ + ¥ taruf (p dff (3)

The apparent cloudiness corresponding to the true cloudiness W
is then :

W,=zl-2/jt i^—IW) (4)
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If Z denotes the duration of sunshine as registered at the same

time, then the expression holds good :

\—Z—R= W V\ f k^ tanf q (5)

where q is the sun's zenith's distance.

Ws and R being known by obser\'ation, it is, theoretically, possible

to calculate the two unknown quantities W and k from (4) and (5)

with the help of (2) and (3).

Practically the only possibility to come to a result is to give k

different vakies and to calculate W and R for a series of vahies

of the auxiliary quantity /?.

In the following calculations the zenith's distance of the sun at

2 p.m. has been assumed to be in summer (June—July) 37°42'^ in

winter (December—January) 78°37'.

Table VI shows the results of the calculation for the summer-

months and spherical clouds {k = 1) ; it appears then that, starting

from the assumed supposition an explanation can be given of the

-results of observation concerning the magnitude of the sum or

cloudiness and duration of sunshine. The lirst augmenting factor,

1 -j- sin ff, leads to values which are somewhat too large ; the

second, 2—-cos^ff, to an exact maximum; the last, 2-—cos ff, to a

value somewhat smaller than 130.

The position of the maximum is less satisfactory ; it corresponds

in table IV to an apparent cloudiness of 4, whereas in Table VI

the greatest values correspond to an apparent cloudiness of 6.5 and

5.5. The augmenting factor 2

—

cos ff gives the best results because

then the calculated duration of sunshine for the hea\y cloudiness

7—8 is smaller than in the foregoing tables and shows a better

agreement with the numbers of table IV.

For this reason the latter augmenting factor is chosen in calculat-

ing the cloudiness and duration of sunshine for three values of k

viz. 1.305, 1.5 and 2, all greater than unit}^ and therefore cor-

responding with clouds pointed upwards. For values smaller than unity

the shifting of the maximum would certainly occur in the wrong

direction i. e. to the side of the heavy cloudiness.

In fact these increased values of k lead to an improvement of the

results, the maximum now corresponding with an apparent cloud-

iness of 5.

As might have been expected, the influence of a variation of k

upon the position of the maximum is not great when the value of

Q is small, because in that case R varies little with ui.

A more complete agreement between calculation and observation
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might be obtained, but only by using- a more complicated augment-

ing factor.

When the sun's height decreases or o increases, the influence of ^

is much stronger; values as k = 0.5 or ^• = 0.12 appeared to be

of no use in calculating the duration of sunshine in winter and, after

some trials, only the value k = 0.25 proved to give satisfactory results.

As for the summermonths the factor 2

—

cos fp appeared to be the

best, although the nriaximum value happens to be somewhat too small

;

on the other hand the position of the maximum is almost accurate,

corresponding with an apparent cloudiness of 2.

For the wintermonths, therefore, an almost complete agreement

between calculation and observation might be obtained by increasing

the augmenting factor and assuming e.g. 2.5—1.5 ca? r/-, which would

agree with the experiment, the augmentation near the horizon being

certainly more than twice.

The integration-constants 1 -|- -^^ ^^^^^ + ^ i" the formula for I^

(table VIII) had to be added in order to ensure the condition :

/j = for a; =
In calculating the elliptical integrals in the expressions for ƒ3,

the "Funktionentafeln mit Formeln und Kurven von Jahnke und

Emde". Teubner 1909, have been made use of.

4. The results of this inquiry can be summed up as follows; it

is possible to explain the relation between cloudiness and duration

of sunshine as found by experiment by means of theoretical reasoning

and simple assumptions. In this way a numerical measure of the

specific influence of the cloudiness upon radiation, received and

emitted, can be obtained according to the nature of the clouds in different

seasons.

In the considerations made use of in treating this problem, it is

assumed that in calculating the estimated cloudiness Ws and also

the apparent cloudiness R, as derived from the duration of sunshine,

the same value W of the true cloudiness obtains.

This supposition is certainly not quite justified; the former observ-

ation is made with incident rays, or more accurately diffuse reflection,

the latter with transmitted light and probably (at least for Cirri,

Pseudo-cirri and Fracto-Cumuli) the loose, flocky clouds and cloud-

borders transmit some light, whereas, with reflected light, they make

the impression of an entire covering of that cloudy part of the

sky; on the other hand the sunshine-recorders readily discontinue

registering when the sun's rays are absorbed. The fact also that the

sun's image as formed by the glass sphere or the slit of the sun-
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shine-recorder not being small with respect (o the time-scale, ma}-

give rise to a smaller value of IT than is derived from the estimated

cloudiness, because a more or less continuous discoloration can be

observed when light and shadow are in reality varying in a dis-

continuous way. It will be difficult to take into account either factor

as they are dependent on the velocity of the cloudmotion by which the

possibility of a registration of relatively feeble rays of light is determined.

The influence of these factors can be determined only by experiment,

which however would be difficult to carry out. It would be necessary

to extend it to a great number of ditferent cases and, in order to

inquire in how far compensation happens to occur between too large

a percentage of sunshine in the case of slowly moving clouds and

too small a percentage when the clouddrift is more rapid, the ex-

periment would have to be extended to a great number of ditferent cases.

Finally it may be noticed that the fact that clouds generally show

a flat base and a pointed apex, might be taken into account by

considering the upper half of ellipsoids, the equatorial plane being

situated in the plane Ms M^ . . M,, . Then the duration of sunshine

corresponding to a gi^en value of W increases, but as, on the other

hand, the apparent cloudiness decreases, the sums remain nearly

the same.

T A B L E VI.

Calculation for spherical clouds.

De Bilt, June + July, ^ = 37°42'.5

/3
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TABLE VII

Calculation for clouds pointed upwards: k> 1. De Bilt, June—July, ^ = 37°42'.5.

/3
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Phygics. — "Contribution to the knowledge of the string galvano-

meter'' Commiinioated by Prof. J. K. A. Wertheim Salomonson.

(Communicated in the meeting of October 25, 1913).

I. Intemity of the magnetic field rvith prismatic pole-pieces. Stefan

(Wied. Ann. 38, 1889, p. 440) has shown that in an electi'O-magnet

with a round core the number of the magnetic lines in the inter-

ferricum could considerably be increased, by giving the pole-pieces

a conical form with a top-angle of about 110°. In the string galvano-

meter prismatic pole-pieces are used. What must be the top-angle

in this case in order to obtain a maximal magnetization in the

interferricum ?

Stefan admits in his calculation, which is afterwards also used

by P. Weiss (Soc. fr. d. Phys. 1907, p. 132) that the lines of force in

the magnetically saturated iron core are parallel to the axis, and

that at the surface of the cone free magnetism is extant. We divide

the conical surface into a succession of intinitely narrow circular

strips standing perpendicularly to the axis. Each point situated on

such a strip, exercises on a point placed at the summit of the cone

an attraction, inversely proportional to the square of the distance.

The axial component of this force may be represented by an ex-

pression proportional to -— m which / represents the distance, and

r

a half the topangle. If we put / =: in which /• indicates the
^

sin a

radius of the circular slri]), then the axial force becomes proportional

cos a sin'

a

to

This expression has a maximum for cos « = 1/ y or « =

about 55°.

What holds for one detinite point of the circular strip, holds for

every point of any other circular strip situated on the conical surface.

Consequently the most favourable top-angle for the cone amounts to

about 110°.

We can apply a similar reasoning in the case of prismatical pole-

pieces. In this case we divide the prismatic surface into infinitely

narrow strips parallel to the rib.

We calculate in the tirst place the attraction, exercised by an infini.
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tesimal mass dy situated in a point

^:=r:z^=|;^_---_-^-_-^-_-_-_-^_-_: Q F of tiic sti'ip SQ On a small mass

(lb situated in the rib AC of the

prism. The distance of the strip SQ
from the rib ^C be a, the distance

—- at which the part db is situated

from the projection of P on AC,

be b.

As the attraction of P on db is inversely proportional to the

square of the mutual distance and proportional to the size of the

part db, we may put

:

K^ db

+ 6=

We now obtain the total attraction of the part P on the whole

line AC by integrating this expression between the limils -|- oc

and —00

4-x _|_oo

r db 1 b r
—T-r. = - % ^9 - =J a^ -}- b^ a aJ

JX

The attraction of each part of the strip SQ on the whole line

AC is consequently inversely proportional to their mutual distance.

This holds for e\ery other part of the strip and consequently for

the entire strip SQ, and for every other strip running parallel to J C.

We shall now calculate the attractive

force exercised in an axial direction

by a strip SQ.

Be L a point of the strip SQ, M a

point situated in the rib, whilst we
,M suppose that both L and J/ are situated

in a plane, normal to the rib. We
found that the attractive force of the

strip running through L on the line

situated in the rib M, is inversely

proportional tc their distance LM = c,

consequentlyFig. 2.

c

If the distance from L to the line TM be

ponent is

Proceedings Royal Acad. Amsleidam. Vol. X.VI.

;•, the axial coni-

34



.24

cos a 1 sin a
. and as — =

c c r

the axial fraction is proportional to
sin a cos a

This expression has a maximum for a = 45°.

As the same reasoning may be used for every other strip situated

on the planes of the prism, we ought to cut the prism in such a

way that the bi-phme-angle at the rib amounts to exactly 90°.

This is only true if the planes of the prisms terminate in the line

of intersection. This case however never occurs: the planes are

always cut off by a plane parallel to the ribs so that the inter-

ferricnm is enclosed between two planes i)arallel to each other and

perpendicular to the lines of force. In such a case we can, however,

still calculate the maximal field-intensity at the line of intersection

of the planes. The field is then formed by two different components,

i.e. by the magnetic lines passing through the side-planes and by

those issued by the two limiting planes. If these be IJ^ and H^

we have for the total field: H = B,-\- H,.

We found for each strip H^ the value of

sin a cos a
. In order to obtain an expression lor

r

the magnetization due to an entire side-plane

we suppose that the breadth of the strip is

(/r, and that consequently its action is propor-

dr ^

tional to sin a cos a ~. It we integrate this ex-
/'

pression between the limits q and R, in which

Q represents half the depth of the interferricum,

R half the thickness of the magnet, we find

(he value looked for. It amounts to

:

Fig. 3.

R
r

.
dr

//j—
I

sin a cos a—= sin a cos a Ign

J »

R

In order to calculate the magnetic field caused by the free mag-

netism in the parallel boundary plane, we divide it again into

length-wise strips.

The attraction exercised on the rib by each strip is inversely

1
proportional to their mutual distance b, consequently —.



The axial attmctiou is — , if a leptesents half the length of the

iiiterferricum. If we integrate along h between the limits a and

V^a" 4- q\ then we find

a
Ho-^ 1 — —— =1 — cos a

Hence : i7, -\-H^ -- 1 — cos « -\- sin a cos « Ign —

.

Q

The maximal valne of this expression depends on the magnitude

R:Q. \i Q is infinitely small, which means that the side-planes of

the prism terminate in the natural rib, we find again a = 45°.

With other values of R we find :

R.r
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4^, 3i, 2i, 11, '\o, 2^„ 3o, 4o pulling 011 the chain in a vertical direction,

perpendicularly to AB, then a diagram is drawn in the following

X

Fig. 4.

manner. Parallel to AB a line OM is drawn representing the longi-

tudinal strain of the chain. Perpendicularly to (he end of OM
OB is drawn, and on this line parts 0(t, GF, i<'^ 'are taken repre-

senting the pulls 4i, 3i etc. to 4„ on the same scale as has been*

used with OAI. The points of division in the line DC are joined

with M. From B a line is drawn, parallel to ilfC, till it intersects with

H^. From there a line is drawn, parallel to ME, till it intersects

with K3a etc. In this way we finally get the line BNA, which

represents the shape of the chain.

Theoretically this construction would also be correct, if the number of

the lateral loads were infinitely great and their distances infinitely small.

If we regard this method of construction more closely, we imme-

diately see that the line OC represents the sum of all the lateral

forces, if we start in the middle of the chain. We may consequently

consider the distance from every point of that line to the point O

as the integral of the lateral forces. If these be represented by the

expression f{Z) and if the forces act at distances dl from each

other, then \f{Z)dl is an expression for the length of each part of

the line OC, reckoned from the point O.
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If we liave drawn the line \f{Z)(U and we join any divisional

point witli M, we find llie slope of tlie chain on tlie place of tlie

load, corresponding to the divisional point. So e.g. in figure 4 the

slope at 3„ will be represented by the line EM. To calcnlale the

slope with regard to the l^'-axis, we deduce from the congruence

of the triangles SET and MEO, that the increase of height TE
EO

which we may indicate as AA, is =— V ST.

As EO represents the integral latei-al pressure, consequently

\f{Z)dl and OM the total longitudinal tension P, whilst >S7' repre-

sents the length LI of the chain of which the slope has been calcu-

lated, we can write, passing to infinitely small differences

dl r
dh = -j/{Z)dl

or integrating:

h = ^j(^dljf{ll)dl^

We may apply this reasoning to the string galvanometer. We find

then that the lateral pressure whicii we called f{Z), is proportional

to the intensity of current in the string [ and to the field-intensity

H at every point which may be written f[IH), or as 1 is constant

over the length of the string, If{H).

For the galvanometer we get the expression :

iM't{H)dl

if the coordinate-system has its origin in the point N. If we take

the point N^ i. e. the middle of the not-deviated string, this expres-

sion becomes:

K = ^
\jdi (^J/mdi^ - j^di (^Jf{H)di\

j

o

in which the definite integral has simply the meaning of the maximal

deflection iViY, of the string at the existing intensity of current

and tension.

If we keep to a coordinate system originating in JSf, we arrive at

the conclnsion that the shape of the string is related to the local

intensity of the magnetic field , in such a way, that we obtain an

expression for the shape of the string by integrating twice succes-

sively the expression for the magnetic field.
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As an example may serve tlie case that (lie magnetic field is

liomogeneons over ils entire height. We can then write f{H] = H.
Then we obtain for tiie lateral pressure the well-known formula

z — 1 \ ILll — Hll

and for the form of the string

ƒ

4/h=- I Hldl —--HI''
2 P

the length of the string being 2/.

This last expi'ession represents the vertex-equation of a parabola.

In a homogeneous field the string takes the form of a parabola.

In these and also in the following considerations we assume that

the longitudinal tension in the vertical string is everywhere the

same, and that the weight of the string itself may be neglected,

compared with its tension P.

The formula given above may also be applied in cases where the

held, taken over the height, is not homogeneous. It may be applied,

if we can express the local field-intensity either in figures or in

a formula.

In the string-galvanometer where the pole-pieces are pierced, we
can, as a first approximation, lepresent the intensity of field by the

line / (fig. 5). Over the length l^ corresponding to half the width of

Fig. 5,
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tlie central bore we have a conslant field of an inlensify H^ ; over

the length 4 corresponding to the length of the strongest part, the

field is also homogeneous and has a density H^, whilst the string

continnes l^ejond this part over a distance 1^ where the densitj' of

the field falls to nought. The entire length of the string is conse-

quentlj 2 {J^ -\- /., -f- 1^). Now we integrate successively over the parts

l^ /j and /j, and find for the lateral pressure:

over /j : iTj = IHJ^

over 4 : z^z^ = I {HJ^ + HJ^)

over I, : z.z^z, = I {RJ^ + HJ,)

in which the underscoring indicates that we have no longer to do

witli a variable, bnt with a constant. The line answering to these

integrals for the lateral pressure is represented by II.

For the form of the string we obtain after a second integration

:

1 /
in part L : A = H.L'

in part h-^^^^f^ !Ml + !Lb^-^
^^ \^^^^

and in part ^^ = /' = ^ }
^ ^' + ££A +

2 ^i^L + IMl^^ + HJ,J,

HA-l^ + hh-V hl^ \-H,(\l,^ + IJ,-A
In the points between /, and /., and between ^ and l^ the line

given by the last expression shows a gradual change of direction

and not an abrupt one. This is proved by the fact that the value of

— at the end of /, is equal to -- at the commencement of /.,, if /

dl
' ^

dl
- 2

be made = 0. This equality of the differential coefficients holds

likewise for the transition of 4 into 4 .

Though perhaps we might obtain a better approximation for the

shape of the string by supposing

that the intensity of the magnetic

field varies according to a line

of the form represented in fig. 6,

we can already obtain some

X practical result with the simple

y

f

p-^. p expression, graphically repre-

sented in fig. 5.

Let us first take the case that the string is not longer than the

height of the field, in other terms that L = 0.



The expression for ft remains tlien :

[f we give to /^ -j- /, the length of 50 milHmeters, to H, the

value of 4000, to H^ the valne of 20000 gausses, we obtain, if

the bore possesses a radius /^ ^ 10 or 7 millimeters, deviations

h bearing a proportion as 17.8 to 19.832. This means that the

smaller bore of 14 millimeters diameter gives an increase of the

sensibility of 11 7o as compared with a perforation of 20 millimeters,

the height of the field being in both cases 100 millimeters.

Since 1909 I have used a galvanometer in which the perforation

has been reduced to 13.7 millimeters, for which the firm of Zeiss

has constructed a special apochomatic objective. The Cambridge

Instrument Cy. has of late likewise reduced the bore of their

instruments.

With the formulae given above we can also approximately calculate

the change in the sensibility if the height of the strongest part of

the field is shortened whilst the length of the string remains constant.

Let us write for that purpose:

1

H.
2 h' i- h ih + h) +H,(^-^h' +Lhy

If L_-\-h *^'e constant, e.g. =50, and if we give to /.successively

the values 50, 45, 40, 35, 30, whilst I, remains =7; if further i/.

be 4000 and B, = 20000, we obtain for h 26.47, 26.22, 25.47,

24.22 and 22.47. This means that a diminution of the height of the

field of 10 7o gives only a diminution of the sensibility of 0.8 "/„

;

a diminution of height^ of 20 7^ takes 3.8 7^, one of 30 7„ 8.2 7,

away from the sensibility.

From this we may conclude that it is of no consequence, if the

length of the string exceeds the height of the field by 10—157„. On

the other hand with a given length of the string the height of the field

may be 10—15 7, less, without causing an appreciable loss of

sensitiveness. Now it is possible that with a given diameter of the

iron-core a diminution of the height of the field might cause a slight

increase of the density, by which even the slight loss caused by an

excels of length of the string over the height of the field would be

entirely compensated. I must add, however, that I have not given

any further consideration to this question.
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From oiir formulae we can obto'm a better insight into the signi-

ficance of the average active intensity, in a not homogeneous field.

Active intensity means the intensity of a perfectly homogeneous field

causing the same deviation h as can be obtained in the not homo-

geneous field. We get the expression -.

Be again H, = 4000 H^ = 20000, /, = 7 mm. and /, = 43 mm.,

then Hw, the active density, is lo843, whilst the arithmetic average,

^1 + ^.

calculated as H, -]- [H^~H,)--—- amounts to 17760.

We niciy add here, that the aN erage active value can also be

obtained with sufficient accuracy by dividing the square of the

average intensity by the maximal intensity :

H '

ri '-'-
1,1 em.

^ max.

In the example chosen, this empirical formula results in //«. =
15771 instead of 15843, as first calculated, consequently an amount

differing by less than 72 "/o ^'om the real \alue.

The mathematical connection between the shape of the string

and the local field-intensity enables us either to calculate or to

construct the shape of the string if the local intensity of the field

be known with sufficient accuracy.

I have tried to measure the local field intensity by different methods.

Firstly Prof. P. Zeeman had the kindness to try his method depending

on the resolution of the spectral lines into doubles in the magnetic field.

As in the narrow and high interferricum the spectral tubes filled

with Helium or with Hg vapours were destroyed in a few seconds,

this method has not given practical results.

Therefore I had to apply other methods, viz. the bismuth-method,

and the method with the magnetic balance of Cotton.

For the bismuth-method I used thin wires of pure bismuth furnished

by the firm of Hartmann-Braun. The measurements were made by

means of a wire of 0.17 mm. diameter and a length of 12 mm.
with a current of 1 inilliampère. The temperature of the wire was

measured repeatedly by measuring its resistance, after the field had

been reduced as near as possible to nought. The results were finally

calculated by means of the formula

:

7^= 2060 + 8^ + (120.9 -1-- 2 At)

A

which formula had been calculated from earlier measurements

published by Henderson and later measurements of myself.



This formula in which t represents the temperature in centigrades,

A the procentnal increase of resistance, gives, with an intensity of

field greater than 4500 Gauss, results, that are accurate to within

1 Vo, at least between the limits of temperature of 7°—25° Celcius.

I obtained with this method, for tlie electromagnet of my Einthoven

galvanometer N". II :

With a field-curr. of 0.40 Amp. //^5360 in the strongest part of the field

„ „ „ „ 1.53 „ 18900 „ „ „

„ „ „ „ 2.39 „ 23850 „ „ „

„ „ „ „ 3.49 „ 26950 „ „ „

„ „ „ „ 8.54 „ 31350 „ „ „

„ „ „ „ 8.54 ., 14150 ., „ weakest „

In these measurements I could not know whether the bismuth-

wire had actually been in the strongest part of the field. Also it

proved to be very difficult to measure the different parts of the field

very accurately.

Therefore I have repeated the measurements with a balance of

Cotton, which proved to give more accurate results with less diffi-

culty and in less time.

My balance was provided with a rectilinear current cairying

conductor of 19.057 mm. length ; the arms of the balance were

304.25 resp. 304.48 mm. long. The constant was calculated at

p
5151 — in which P represented the weight placed in the scale, /

the current strength in Amperes. The sensitiveness of the balance

was varied till I got about a 1 mm. deflection for 1 milligram. The

balance was placed on a sliding support, so that it could easily be

moved in the direction of the interferricum.

In my first measurements I found with the same magnet with a

fieldcurrent of:

1.50 Ampère H = W7S0
3.48 „ 27810

8.30 „ 31695

which numbers probably differ less than 0.3 7u fi'om the real value.

They agree with the values obtained before.

With this magnetic balance I have tried to measure the local in-

tensity at every point of the field, with a given magnetizing current,

viz. 1.55 Ampère. The balance was arranged so as to place the

current-carrying conductor exactly in the central part of the inter-

ferricum, symmetrically with regard to the perforation. After the
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first measurement of the field-intensity the bahance was moved along

the field over a distance of 1.24 m.ni , this being one revolution of

the niierometer-screw of the sliding support. The average intensity

was measured again, and after ea<'li measurement the biilance was

moved along the field ovei' tlie same distance, till at last the

balance had passed through the entire field, and had come out of

the interferi-icum.

In this series of experiments I found that the greater part of the

field might be called absolutely homogeneous. Proceeding from this

part the average intensity could now be calculated for each distance

of 1.24 mm. Obviously the figures calculated for the weaker part

of the field cannot l)e regarded as very accuiate. By graphical inter-

polation I got figures which seemed to me to be more conform to

the real value. In order to prove this, I recalculated from the values,

for each part of 1,24 mm., average values over 19.05 mm. In

table I we find in colunin 1 the calculated values for each part of

the field of 1.24 mm. length. The second column gives the recal-

culated figures for each length of 19.05 mm., whilst in the 3^'^'coUimn

the figures as measured are given. The degree of agreement between

the 2"^^ and the 3''^ column indicates the degree of accuracy between

the same. In general this correspondence is not unsatisfactory, only

the values 2 and 3 show difïerences of 2 7« and 3.5 "/o- For the

rest the difference amounts to less than 1 "
g. The curves of fig. 7

represent graphically the numbers given in the table.

With the figures obtained for the local intensity of field we can

now draw the exact shape of the string, by means of the graphical

construction described in the beginning, or we can calculate it. The

calculation is made by two additions that serve as means of integra-

tion. The first addition produces the series of figures 0, O-}-!,

0-[- 1 -f- 2, 0+ 1 + 2 -f 3 etc., consequently the values 0, 3600,

7250, 11050 etc., which indicate the integral values of the lateral

pressure, at each point.

If these values be a, b, c, d, then a second addition in exactly

the same way, gives us; a, a -\- h, a -\- h -\- c, a -\- h -\- c -\- d, etc.

These last figures are given in column IV and show the relative

deviation with regard to a }"-axis tangential to the point of maximal

amplitude. They enable us to calculate with the field-current employed

the relatively maximal deflections of any part of the string.

If e.g. the maximal deflection of a string of a length of 2 X 48

parts of 1.24 mm. each v/ith a given current were 191.8, then the

deflection with the same current would be 41.5 for a string of the

same material and tension, but only half the length. We see that in
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I may add here that with 25 ampère the field-strength increased

to 40000 gauss. I intend to arm this electro-magnet with pole-pieces

made of fei-i'ocobalt, the new alloy of Weiss and hope to obtain

with them a maximum of 43000 gauss.

ill. Determination of the active Jieldstrength.

As active field-strength we indicated the intensity of a field

homogeneous over the whole length of the string, which causes the

same detiection as the not homogeneous field, tiie tension and the

material of tlie siring as well as the current passing through it,

being the same.

EiNTHOVEN has already given a method to measure the active

intensity of the field. His method depends on the measurement of

the electro-magnetical damping of the movement of the string.

Here follow two more methods which lead both to about the

same result.

First Method.

If a current / passes through the string, it is subjected to a lateral

pressure HI1 which causes the string to sway, and whereby a certain

quantity of potential energy is stored. When the circuit is broken the

string generally resumes its former position after a few damped

oscillations. With every oscillation potential energy is changed into

kinetical energy, and vice versa.

At the moment the string passes for the first time its final position

of equilibrium, the total originally stored

potential energy has disappeared, and nothing

but kinetical energy remains. If the oscillations

had been undamped, we might equal these

two forms of energy. On account of the damp-

ing the value for the kinetical energy must

first be corrected. We have then got an

equation from which H can be resolved, and

_-^ which gives an expression for the actual mean

intensity of the magnetic field.

In our considerations we assume the field

to be homogeneous and we neglect the elasti-

city and the vveight of the string itself with

regard to its strain. Under these circumstances

the string takes, as we saw, a parabolic shape.

Be BQOD the defiected string, its centre

tig- ^- being 0. With regard to a system of coordi-



nates passing tlirough O, where the y-axis touches the parabohi,

the form of the string is represented by the equation:

y^ = 2px.

The potential energy of any small particle dy of tlie string

amounts to :

^-HIQRdy.

Now QR -=11 — X in which A represents the maximal deflection

OC of the string, whilst x is the abscissa of the point Q. As

.r=i"— we obtain tor the potential energy ot the part dy

:

2^
o. 1 ^ ,

2 V 2^;
dy.

By integrating this expression between the limits and -/,

I being the length of the string, we get half the potential energy.

Hence the total energy amounts to :

^ipot)= 2 X
^J

T/^ - |;Y dy z= i IhHI .

In order to calculate the kinetical energy, each part of the string

is assumed to perform a series of damped oscillations, which may be

represented by the expression :

in which S be the place of the part at any moment with regard

to the line BD, A the maximal amplitude, a the damping-con-

stant, o) the number of oscillations in In seconds.

If we consider a particle of the string dy situated in Q. we have :

Az=QR = h —

The velocit}^ at any moment is :

On

V
dt

I A I jo) sm oit -\- a cos o)t] E'-'-^'-

which expression at the moment when the string passes through its

tinal position of rest, becomes :

Vmnx. = — (A —-)ü>e

Hence in the formula for the kinetical energy

to
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1

E{kin) == — mv'^
Li

the velocit}^ v is known . The mass m of a part dy of the string is

expressed by :

m =: Ttr^g dy

in which r is lialf the diameter, g the specific weight of the string.

We obtain finally for the kinetical energy of the part dy

an
1 / 2 \ 2

Integrating over half the length of the string, and by multiplying

by 2, the total kinetical energy of the string gives at its passage

through the position of equilibrium

}-l
n:a jra

E^kin) = 2 r i- (A- '^\ oi'jir'gs ^<^dy = — jir'glojVre ^to

This value should have been equal to the value obtained for the

potential energy, if the movement had been undamped. The damping

makes the amount of the kinetical energy too small. The exact

amount is obtained by multiplication by f"^^.

As the expression of the potential enei'gy is expressed in ergs,

this must likewise be done with the kinetical energy, which causes

the introduction of the factor 1.0197.

We obtain tinallv after the introduction of i\ = — :

2-r

— Hllh = 1.0197 X — :^r'gIoj'P
3 15 ^^

and hence

:

N^hjir^g
/i — 32 2

I

2"^ method.

We can calculate the lateral pressure on the string in its deviated

position in different ways. Above we had already mentioned the

expression HII for it.

Proceeding from the graphostatical construction, discussed before,

we see that the slope of the string at the point of suspension B
corresponds with the inclination of the line MC (vide fig. 4). This

slope is given by the tangent at the point, i.e. by the magnitude of
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dy
-^ and on llie other hand hv the tangent of the ano,-le CMO, coiise-
dx .o o '

qiiently by .

As the tangent at any point of a parabola is expressed by

% _ J(_

dx 2x

we get for the slope at tlie end of the string, where y =z — / and
A

ÜJ := h:

dx Ah

As CO represents half the total lateral strain, consequently — Z
Li

and OM the total longitudinal strain P we may write:

The longitudinal strain of a string can be found from the formula

for the vibration-frequency of a stretched string, given in Kohlrausch's

Handbuch der prakt. Phys. (11^'^ edition p. 245)

:

in which N represents the frequency per second, / the length in

meters and p the weight of 1 m. of wire. We obtain from this for (he

tension

ANH'^pP= -.
9.81

By substituting this value of P in the equation for the latei-al

pressure, we find :

_ Sh ANH'p

which value may be equalled to the lateral pressure calculated before :

I 9.81

As HI! indicates the pressure in dynes, j), the weight of 1 m. of

string, must likewise be expressed in dynes, thus:

p z=: 9.81 jtr^fj.

We obtain finally after this substitution

:

32 N'hjir'g
H = —— '-

.

]

35
Proceedings Royal Acad. Amsterdam. Vol. XVI.
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Chemistry. — "Equilibria in ternary si/steiuö-." X. By Prof. B\ A.

H. SCHREINEMAKERS.

After having deduced in the previous cornmuniciition the diagrams

for a constant temperature (the saturation- and vapoursaturation-

curves under their own xapourpressure), and for a constant pressure

(the boilingpointcurves and their corresponding vapourcurves), we
will deduce now the diagrams for a constant temperature and

pressure. We may act for this in tiie same way as in communi-

cation I. For this we imagine for instance in figure i (I) besides

the saturationcurve of the compound F also one of the compound

F' . Both these saturationcurves may then be situated either outside

eacli other or they may intei'sect each other, or the one may
surround the other. We imagine both curves situated completely

in the lic{uid-region.

Because the lieterogeneous region shifts on decrease of pressure in

such direction that the liquidregion becomes smaller and the vapour-

region becomes greater, under a certain piessure the liquid-curve

e (/ of the heterogeneous region will touch one of the saturationcurves.

When it touches that of F. we obtain figure 2 (I) wherein the

saturationcurve of F' is to be imagined. This is then still com-

pletely situated in the li((ui(lregion and may be situated with respect

to that of F in the abovementioned ways. Of all the solutions

saturated with F or with F' at this pressure, therefore, only one

exists, namely saturated with F, that can be in equilibrium with vapour.

On further decrease of pi-essure figure 3 (I) now arises ; hereiji

we imagine the second saturationcurve, still completely in the liquid-

region, and whether or not intersecting that of F. Of all solutions

saturated with F or witii F' at this pressure now two liquids exist,

saturated with F {a and b) which may be in equilibrium with

vapour («1 and b^). On further decrease of pressure very many
cases may now occur. At first we assume that both the saturation-

curves are situated completely outside each other and rest also out-

side each other in the comtemplated pressure-interval. On decrease

of pressure the heterogeneous region shifts over the saturationcurve

of F, attains at a certain pressure the saturationcurve of F' , and

on further decrease of pressui-e shifts also over this.

We may distinguish for this two principal cases:

1. the saturationcurve of J^ is situated already completely outside

the liquidregion before the liquidcurve e d of the heterogeneous

region touches the saturationcurve of F'

;

2, the saturationcurve of F is situated still partly in the liquid-
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region, when (lie liqnidciirve ed of the lieterogeneous region tonohes

the salurationcurve of F'

.

In the latter case, therefore, there is a series of pressures under which
at the same time two liquids saturated with F and two with F'
may be in equilibrium with vapour. Solutions saturated with F-{-F'

do not exist.

When both the liquidcurves intersect each other numberless cases

are to be distinguished, of which we shall only discuss a few.

Imagining for instance in fig. 3 (I) that the vapoursaturation curve

of F' is also drawn, then we can obtain a diagram as fig. 1. The
liquidline d-e of the heterogeneous region intersects the saturation-

curve of F in a and b and that

of F' in.?; and ?/; the vapourcurve

of the heterogeneous region inter-

sects the vapoursaturationcurve

of F in a^ and b^ and that ofi^'

in x\^wéy^. The saturationcurves

of F and of F' intersect each

other in u and z.

At the temperature and under the

pressure to which figure 1 applies,

therefore, besides the solutions satu-

rated with solid ^of branch bu and

az and the solutions saturated with

solid F' of branch xu and yz, there

still exist also the two solutions

u and z, saturated with F -\- F'

.

The liquids of branch dx may be in equilibrium with the vapours

of f/i j\ ; the liquids of // a with the vapours of y^ a, ; the liquids

of be with the vapours of b^e,. The -solid phase i^ can exist together

with the vapours of branch a, b, ; the solid phase F' together with

the vapours of branch .^i y^.

Further there are four liquids satuialed with a solid phase which

may be at the same time in equilibrium with a vapour. Therefore,

there exist four threephasecomplexes : solid -|- liquid -j- vapour, nl.

i^+ liquid r« -[- vapour a^, F -{- liqiud /> -f vapour b^, i^' -f liquid

.!• -f vapour .j'j, and 7^' -|- liquid // -)- xapour y,. Besides the great

liquidregion, indicated by L we find also in the figure the small

liquidregion a z y.

On decrease of pressure figure 1 may pass now into figure 2.

The points a, y, and z of figui'e 1 coincide in figure 2 in the point

ƒ, the points a^, and y^ of lig. 1 coincide in fig. 2 in the point f^.
35*

Fig. 1.
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Fig. ±

Tlie iiietastable [)art h.c of curve (!(' mnsl therefore go lliroiigli point

/' and the niela.stal»le pari .i'J>, of /

curve d^e-i must go through the point ,

/j. Fig. 2 may also be imagined to '~M,

have arisen from fig. 1 in that the

threephasetriangles FF'z, Faa, and

Fyi/^ move nntil tliey touch along

one side.

Of the two solutions ic and ƒ,

saturated with F -}- F'
, the latter

may be in equilibrium with the

vapour /i ; at the temperature and

under the pressure to which fig. 2

applies, therefore, the fonrphaseecpiilibrium 7''+ i^' + Jiquid ƒ

+

vapour f\ occurs.

If the pressure decreases still more, a diagram occurs which we

shall call tigure 2a. We obtain this figure 2a when we leave the

point ƒ in fig. 2 out of account. The two saturationcurves and

curve de then go no more through one point ; nor the two

vapoursaturationcurves and curve d,c\. Only one solution now exists,

nl. ti, saturated with F-\-F'; the other is metastable and replaced

by the vapour /\, which may be in equilibrium with the complex

JP -^ F' . The fourphaseequilibriuni occurring in fig. 2 has vanished

of course also in fig. 2a.

We shall now contemplate the diagram, occurring at the mini-

mum-melting point of the complex F -\- F\ one of the many pos-

sible diagrams is drawn in fig. 3, wherein also are indicated the

metastable parts of the two saturationcurves and of the liquid- and

vapour-curve of the heterogeneous region.

Fig. 3 can be imagined to have arisen

from fig. 2 in the following way. We
change the temperature and the pressure

in such a way, that we retain a diagram

as fig. 2 ; the fourphase equilibrium

F ^ F' -\- liquid ƒ -j- vapour f^ there-

fore remains, although ƒ and /^ change

of course their composition. A 'similar

change of pressure and temperature is

always possible when we change these

in accordance with the /^, T-curve of the

fourphase equilibrium F-^-F' -\-L-\-G.

We take this change now in such
Fig. 3.
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direction that I he li(|ui(k'nrve ed of the heterogeneous region, and

therefore also the point / in fig. 2 shifts towards the line FF' , At

a definite temperature and pressure the points u and ƒ coincide

then on the line FF' and fig. 3 may arise ; herein however ƒ is

replaced by S and t\ by 6\. Therefore the fourphaseequilibriura

F -\- F' -\- liquid S -f- vapour S^ occurs, wherein the liquid S is

represented by a point on the line FF' . The pressure and tempe-

rature to which fig. 3 applies, agree therefore with the minimum

meltingpoint of the complex F -\- F'

.

From the situation of S with respect to F and F' it follows that

in fig. 3 a congruent melting of the complex F -\- F' is assumed.

With an incongruent melting either F or F' should be situated

between the two other points.

Because the point ;S is situated on the line FF' , the two satura-

tioncurves must touch each other in S. We now imagine in S the

common tangent of the two saturationcurves and also the tangent to

curve ed to be drawn. For the salve of simplicity' we shall call,

the first the tangent >S' and the second the tangent de.

Now, as is known, the tangent S and the line FF' are conjugated

diameters of the indicatrix in S ; the same applies to the tangent

ed and the line SS^. Because the indicatrix in S is an ellipse, on the

turning of a diameter its conjugated one moves in the same direction;

the lines SS^, FF' and the two tangents must therefore be situated

with respect to each other as in fig. 3. The point S^ must therefore

in fig. 3 be situated on the same side of the tangent S as the

point F' , when however F' is situated within the liquid region and

F outside that region, then S^ is situated on the same side of tan-

gent S as the point F. Also in the case, that the points F and F'

are situated both at the same time either within or outside the

liquidregion, the situation of S^, with respect to the tangent S is

easy to indicate.

Besides the cases treated above, there are still numberless others

which the reader can easily deduce for himself. For that reason

we shall only still contemplate some points more in detail.

We take at a definite P and T the two solid phases F and F'
;

perpendicular to the concentration diagram we draw the ? of these

substances ; we shall call these points {F) and [F').

When the point {F) is situated below the liquid- and the vapour leaf

of the S surface, then the compound F occurs in solid state. We can

then construct two cones, which have both their apexes in {F) and

of which the one touches the liquidleaf and the other the vapourleaf
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of (he ? smftice. As well a satiii-alion- as a vapoiirsatiirationciu-ve of

the compound F exists therefore. Wiien we contemplate the two

curves with respect to each otiier. tlien either one complete!}' or a

part of both is metastable.

When the point {F) is situated below the liquid- but above the

vapourleaf of the ? surface, the compound F only exists in vapour-

form. Then not a vapoursaturationcurve exists, but a metastable

saturationcurve of F, therefore a series of metastable solutions,

saturated with F.

When the point [F) is situated below the vapour-, but above the

liquidleaf of the ? surface, the compoiind i^ exists only in liquid state.

Then not a saturation-, but a metastable vapoursaturation curve of

F exists, therefore a series of metastable vapours in equilibrium with F.

When the point {F) is situated above both the leaves of the ? surface,

then the compound F occurs in liquid or in vapour-state, according

as below the point (7^") the liquid- or the vapourleaf is situated

the lowest. Then neither a saturation- nor a vapoursaturationcurve of

F exists.

The four above mentioned cases appl}' of course also to the com-

pound F'

.

We now take a pressure and a temperature at which F and F^'

are both solid. The points [F) and {F') are then situated below

both the leaves of the C ^^urface and each of the compounds has

then a saturation- and a vapoursaturationcurve.

We distinguish now four cases :

1. the line {F){F') intersects both the leaves of the ? surface.

We cannot construct through the line [F] {F') a plane of contact

on one of the leaves of the S surface; the two saturationcurves, there-

fore, do not intersect each other, nor the two vapoursaturationcurves.

The two saturationcurves niciv now be situated completely outside

each other, or the one may surround the other ; the same applies

to both the vapoursaturationcurves. Therefore neither a liquid nor a

vapour exists in equilibrium with F -\- F"

.

2. The line (F) {F') intersects the liquidsurface, but is situated

below the vapourleaf of the ^ surface.

Because we cannot construct through the line {F^) {F') a plane of

contact on the liquidleaf, the two saturationcurves do noi intersect

each other, so that the one is situated outside the other, or the one

surrounds the other.

We can (however) quite well construct two planes of contact on

the vapourleaf through the line (7^') (7^'). The two vapoursaturation-

curves, iherefoie, intersect each other in two points.
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There exists therefore no hciiiid saturated with F -\- F' . Two
vapours exist however, each of whicli may be in equilibrium, with

F+F'.
3. The line (F) {F') intersects the vapourleaf, but is situated

below the liquidleaf of the ? surface.

It is evident, that now the two saturationcurves intersect each

other in two points, while the tw^o ^'apoursaturationcurves are situated

outside each other or the one sui-rounds the other. Therefore two

solutions exist, saturated with F -\- F\ but not a vapour which can

be in equilibrium with F -\- F'

.

The equilibria existing in the tliree cases treated above may become

completely or partly metaslable, by the occurrence of the heterogeneous

region LG. Also it is evident, that in the previous cases not yet a

fourphaseequilibrium F -\- F' -\- L ^ (t can exist.

4. the line {F){F') is situated below the two leaves of the ? surface.

We can now construct through the line [F) {F') two planes of

contact on each of the two leaves of the S surface. The two saturation-

curves therefore, intersect each other in two points, situated on both

sides of the line FF' . The same applies to the two vapoursaturation-

curves. Therefore two solutions exist, saturated with F -\- F' and

two vapours, saturated with F -\- F'

.

In tig. 1, z and u are the points of intersection of the two satu-

rationcurves ; the points of intersection of (he two vapoursaturatiori-

curves ^^i
Ij^ and .i\ ij^ have not been drawn ; w^e shall call these z^ and

u^ ; we imagine z^ on the same side of the line FF' as the point z,

and u^ on the same side as u. Under this pressure and at the tem-

perature to which tig. 1 applies, the systems F -\- F' -\- \k[mé z

,

J.-^ j^ P' j^ liquid u, F+ i^' -f vapoiu' c^, and F+ F' -\- vapour u,

occur. Of these four threephaseequilibria of fig. 1, only the two

first however are stable.

Now let us contemplate a point of intersection of two saturation-

curves and the i)oint of ijitersection of the two vapoursaturation-

curves situated on the same side of the line FF' (therefore in fig. 1

the points z and z^, or a and u^). If we imagine that through the line

[F){F') the two planes of contact on both the leaves of the C surface

are constructed, then the one point of contact is usually always

situated above the other surface. Because the projections of the two

points of contact of these surfaces represent the above mentioned points

of intersection, only one of both these points of intersection will

represent a stable phase.

Therefore, if we have a stable solution saturated with F -\- F'

,

then the vapour saturated with F -\- F' , being situated on the same
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side of llie line FF\ is iiieliistaltle. Revcrsally, if we have a s(al)le

vapour saliirated wilh F -\- F' , ilieii the li(iiiid saturaled with

F -\- F'
, situated ou the same side of the line FF' is metastable.

Only in the case that a fourphase equilibrium F -\- F' -{- L -\- G
occurs, this liquid and vapour are stable at the same time.

Let us now consider the occurrence of this system F-\- F' -{-L-{- G. For

the occurrence of this fourphaseequilibiium it is not sufncient that

the two threephaseequilibria F -\- F' ^ L and F -^ F' ^ G exist.

In addition it is also necessary for this, that the liquid Lof the one,

and the vapour G of the other threephase system shall be in equili-

brium with each other. The liquid curve ed of the heterogeneous

region LG then must go through the point of intersection of the

two saturationcurves and also the vapourcurve e^cl^ of the hetero-

geneous region must go through the point of inteisection of the two

vapoursaturationcnrves. Because this is not the case in tig. 1, no

fonrphaseequilibrium can occur, at the temperature and under the

pressure to which tig, 1 applies. In tig. 2 however, this is indeed the

case. Therein curve ed goes through the point of intersection ƒ of the

saturationcurves and also cur/e e^d^ goes through the point of inter-

section ƒ, of the vapoursaturationcnrves. At the temperature and

under the pressure, to which this figure applies, therefore (he system

7^+ i'^' + liquid ƒ -f- vapour /^ can occur. This is also the case

in tig. 3 wherein the fourphase equilibrium 7^-)- 7^'
-|- 'iQ^iid >S -j-

vapour >Si occurs.

Now we shall consider more in detail yet two points, nl. the

situation with respect to each othei- of the four points i^, i^', ƒ and /i
and also that of the three curves going through the points ƒ and /j.

In the previous communications the first point has already been

treated here and there. We have seen there that the four points

can be situated with respect to each other in seven different ways,

so that between the four phases of the system F -\- F' -\- L -\-

G

one of the seven fourphasereactions
: i^+^'+^2^^' ^-h^'-f-^^^»

F-^L^F'-^G, F'-\-L-^F-^G, F^F'-^L^G, ]i:^F'^L+G and

F'-^F-^ L-^ G occurs.

In the particular case that three of the four points are situated

by chance on a straight line, (fig. 3) a threephasereaction occurs.

Let us contemplate now the three curves, going through the points

ƒ and ƒ,. With the aid of the indicatrix theorem, we can deduce

the rule ^):

When two equilibriumcurves (P and T constant) intersect each

-) l'\ A. H. ScHREiNEMAKERS, Die heterogeiieii Gleichgewichte von H. W. Bakhuis

ROOZEBOOM. IIP 116.
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oilier, tlicir moliisluhlc pi'oloiigatioiis ;ii-e .si(na('3«l in llie viciiiilj of

llie i)oiiit of intersection, both within or both outside llie corresponding

threephasetriangle.

Whether the two curves themselves with respect to the other

phases are already metastable or not, does of course not effect the

validity of this rule.

When two equilibriumcurves intersect each othei' in a point X,

the phase A', (liquid, gas, mixed crystal) may be in equilibrium

with two other phases which we shall call iM and A' (liquid, gas,

mixed crystal etc.). The lines XM and AW form four angles ; we
shall now call the angle XMX therefore, the- angle being one of

the angles of the three-phasetriangle, and its opposite angle, the

threephaseangle of the point X.

Wc' can express now the abovementioned rule also in this way:

When two equilibriumcurves {F and T constant) intersect each

other, both curves are situated in the vicinity of the point of inter-

section, either within or outside the threephaseangle of the point

of intersection.

In the figures 1, 2, and 3 we see, that the position of the curves

in the vicinity of their points of intersection is in agreement with

this rule.

Let us take for instance the point of intersection .v in fig. 1 or 2.

In this point x the curves dv and tu intersect each other and

therefore the equilibrium F' -f- liquid ,v -{- vapour a\ occurs. The

threephaseangle of the point a' therefore is /'x^xF' and its

opposite angle. The curves dx and ux are drawn in fig. 1 and 2

within this angle, in fig. 3 (herein ux is replaced by Sx) outside

this angle.

Let us now take a point of intersection of three curves as for

instance the point ƒ in fig. 2. Taking these curves two and two,

we have three pairs of curves ; the abovementioned rule is appli-

cable to each of these pairs.

If we contemplate the pair of curves dfe and uxf, the equilibrium

F' -\- liquid ƒ 4- vapour f\ occurs in ƒ. The threephaseangle

of the point ƒ is therefore / f\fF' and its opposite angle. The

curves dfe and uxf are both drawn within this angle.

If we contemplate the pair of curves dfe and ubf, then in ƒ
occurs the equilibrium F -[- liquid ƒ -|- vapour /j ; the threephase-

angle of the point / is therefore / f^fF ^^^ i'^ opposite angle.

The curves dfe and uhf are both drawn within this angle.

If we contemplate the pair of curves uxf and id)f, then in ƒ
occurs the equilibrium F -]-

F'
-\- \\([\m\ f, the threephaseangle of



ras

the point ƒ is now FfF' and its opposite angle. Tiie curves a.vf

and ul>/ are both drawn within this angle.

Similar contemplations apply also to the three cnrves which inter-

sect each other in the point f^.

A relation exists also between the position of the cnrves in the

point / and in the point f\. This however we shall not discuss

any further here.

In all our previous considerations we have always contem-

plated saturationcurves under their own vaponrpressure and boiling

pointcurves of tv. simple form, nl. curves existing only of a

single branch. Under definite circumstances however also curves

of a more composite form may occur. Here we shall briefly treat

such a boilingpointcnrve.

We take a ternary mixture, wherein the system L—G has a

ternary point of minimnm pressure, therefore also a ternary point

of maximum temperature.

We suppose now that at a definile P ^nd 7' the relations of

fig. 1 (HI) occur. Herein we find a closed region L— G and within

the liquid region the saturation line of the compound F. We
keep the pressure constant and raise the temperature ; the liquid-

region then becomes smaller or in other words :

The liquid curve of the region L— 6^ contracts. Further we assume

that heat is i-equired for dissolving F, so that the saturation^urve

of F contracts also.

If the satiirationcurve of F contracts more rapidly than the liquid

curve of the region L— G, then no points of intersection arise and

therefore under the assumed pressure also no boilingpointcnrve of

F exists.

When the liquidcurve of the region L— (t contracts more rapidly

than the saturationcurve of F, at a definite temperature 7',, contact

takes place. We imagine in fig. 1 (III) that the curves are shifted

in such a way, that anywhere on the left side of F a point of

contact m arises. If the tem])erature rises still more, now two points

of intersection arise, which move away from each other and shift

towards the right. Now different cases may occur of which we have

already treated some in communication ;,II1). We assume that on a

further increase of T the two points of intersection coincide any-

where on the right side of F in a point M.

We may now obtain a diagram as fig. 4. While at the tenqie-

rature T^ the saturationcurve of F is surrounded by the liquidcurve

of the region L— G, at the temperature l\\i (fig. 4) it is just the
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reverse. In (ig. 4 the point F is situated within tiic rej^ion J.— (r\

of course it nui}- also be situated in the

liquid- or gasiegion.

Further in tig. 4 the vapourcurve of

the region L—G intersects the saturation

curve of F ; however, it may also sur-

round this curve so that the saturation-

curve is situated completely within the

region L— (t. We shall confine ourselves

in the following to the case drawn in fig. 4.

When on further increase of T the liquid curve of the region

L—G contracts now still more rapidly than the saturationcurve

of F, no new points of intersection make their appearance.

We have then obtained a boilingpointcurve of a simple form

with a minimum boilingpoint in m and a maximum boilingpoint

in M. It surrounds the point F and is itself surrounded by its

cori'esponding vapourcurve.

We will assume however that the saturationcurve of F and the

liquidcurve of the region L—G move in the point M of fig. 4

with the same rapidity (further we shall see under what conditions

such a case is possible). While at a temperature somewhat lower

than Tm the saturationcurve of F moves in the vicinity of M more

slowly than the liquid curve of the .region L— G, at a temperature

somewhat higher than 7j/ this is just the reverse.

Consequently on increase of 7'above Tm in the vicinity of the point Ji,

two points of intersection occur fagain), which shift towards the left on

further increase of 7' and finally coincide in a point Q. At this tempera-

ture Tn the saturationcurve of F and the liquid curve of the region

L—G touch one another again therefore in a point Q. However

the two curves are situated now completely outside each other. The

liquidregion therefore is now situated completely outside the saturation-

curve of F and not as at tlie temperature Tm (fig. 4) within this

^ ^ ' "" " -^ ^ curve. On further increase of T
^

N points of intersection occur no

more.

The boilingpointcurve will

now ha\'e a form as curve

niMQ in fig. 5 : it shows a

double |X)int in Af. The tem-

perature increases in the direc-

tion of the arrows , it is a

.— ^— ^ minimum in m, a maximum in
Fig. o.

ft\.
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Q. The ('Oiwespoiiding vajiOiu-L'iii-vc in^M^Q^ is dotted. Tn fig. 5

tiie part M^Q^M^ is drawn circumphased. Of course it may be

also exphased.

If we determine the boilingpoin<^curve of F under a pressure somewhat

different from that, to which fig. 5 applies, the boilingpointcurve

will suffer also a small change of form. The double point M dis-

appears and either two branches separated from each other occur,

of which the one surrounds the other, or one single curve is formed which

is very concave and which has two parts which are curved sharply

towards each other. The same applies to the corresponding vapour-

curve. When in a system boilingpointcurves as deduced above

occur, some of our previous deductions must be changed to a certain

extent and they must be completed; this however is left to the reader.

Now we may still determine under what conditions the

liquidcurve of the region L—G and the saturationcurve of F will

move with the same rapidity in the point M of fig. 4.

To the saturationcurve of F applies :

\{a-x) r + {^-y) .] dx -f- [(«-.!•) s -f {,i-y) q dy = BdT . (1)

To the liquidcurve of the region L—G

:

[{.v,-.v) r + {y, -y) s] dx + [(.i-,-.^-) s + {y,-y) t\ dy = - Ddt (2)

(For the significance of B and D see communication (II) ).

We now take any point M of the saturationcurve of h . We call

/ the length of the line FM. The saturationcurve of the temperature

T -\- cVr will intersect the line FM in a pohit M' in the vicinity

of M. We put MM' = (// and we take dl positive in the direction

from M towards F. We then have :

dx dy dl

(3)a— X ^ — y I

If we substitute these values of ch and dy in (1), it follows that:

BldT
dl
— ... (4)

or:

dl=-rf^^dt (5)
IK cos (f

wherein

:

iT .— r + 2 *-^ s + I

^—^
)

t and (« - xf= l' cos'
(f.

a—X \a—xj

Therefore (f is the angle which the line jF 37 forms with the X-axis.

We now take any point M of the liquidcurve of the region L

—

G.
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We i)ut /i
the length of the conjiigationline MM^ which joins the

liquid M with its correspoiidiiig vapour ,1/,. The liqiiidline of the

temperature T -{- dT will now inter.seet this conjugatioiiliue in a

point M' in the vicinity of M. We represent MM' by dl^ ; we take

r//i positive in the direction from M towards M^. We then find from (2)

D
dT (6)

l^ ifiTj cos^ (f^

wherein

:

K, = r -f 2
^^^

. + (

'^^—^
I

t and {,>'—.if = l^' cos' (/,.

(f^ therefore is the angle which forms the conjugationline MM^
with the A'-axis.

We now suppose 1"' that the saturationcnrve of F and the

liquidcurve of the region L—G go through a same point M\
2'^ that the two curves touch each other in that point.

From l^Ut follows that r, ,s and t have the same value in /v and /v^

and that B and D apply to the same liquid.

From 2"^^ it follows, as is easily deduced, from the equations of

the two curves, {P and T constant) that:

and therefore also r/ =:r/j. The meaning of this is that the lines

FM and MM^ coin:*ide. This follows as we saw already before,

also immediately from the indicati-ix theorem. From this now it

follows that we may substitute /, l and <( in (6^ for /j, k^ and (f^.

We then obtain :

dh=-j^^dT (7)
IK- cos'

(f

Now D is positive ; if we assume further that heat is to be

supplied for dissolving solid F, then B is also positive. From this

it follows that d/ and c//, always have an opposite sign. In order that

the liquidcurve of the region L—G and the saturationcnrve of F
may move in the same direction, when 7' is changed, the point M
must therefore be situated between the points F and M^. This is

then also in agreement with fig. 4.

From (5^ and (7) it follows, that the two curves will move with

the same rapidity as

B D-= - (8)
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We may (ind this condition also in the following way. The

boilingpointcurve of F is fixed by :

[(«_,,) r + (/?-//>] dx f [(« -.'>•) 6' + (/?-//) t] dy = B.dT . (9)

[(..—.t-)r f (^,-,v).].?.r + \{.r,-.v)s + 0/—.v) ^] ^// = - D.dT (10)

From this follows

{Fr + Q.) rf.,; + {Ps -\-Qt)dy=Q ( . 1)

wherein

P= («—.t) D + (a-,—.1-) 5 and Q ^ {S-y)D -f- {y,-y) B.

Ill order that the point of the curve under consideration may be

an isolated or a double point, the coefficient of dr and (hf must be

= 0. Therefore P=0 and Q = () or

[a-.i^D -^ {x^-,v)B=0 and {B—y)D^{y,—y)B—0. (12)

If B and D are not =7^ 0, then

follows, which we have also found for this. This means, that the

considered point, its corresponding vapour and the point 7^^ are

situated on a straight line. Fiirthei- it follows that the liquidcurve

of the region L—G and the saturationcurve of F touch each other

in the contemplated point. If we substitute for B and D their values

in (12), then we tind :

(,i-..)/A + (.;-.^>i + (.t-,-«)//=0 . . . . (18)

or

{^~y)ll,-\-{y-^yM-V{:]j--m-^^ ' • • • ('4)

The ürst part of (13) and (14) represents the change of entropy

when a reaction takes place between the three phases F, L, and G.

From this it follows therefore, that the contemplated point of the

boilingpointcurve will be an isolated or a double point, when an

isentropic reaction takes place between the three phases F, L and

G; in other words, when no heat must be supplied or removed.

In (8) the same is expressed in quite an other form as in (13) and

(14). In order to examine whether the contemplated point is an

isolated or a double point, we must calculate terms of higher order,

namely Adx" -\- Bdxdy -\- Cdy^.

Because the fixing of A, B, and C gives cause for extensive

calculations, we will leave that aside.

To be continued.
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Chemistry. — "Coiicemiiu/ conibination.s of aniline witli liydro-

chloric acid". By J. (J. Thonus. (Communicated by Prof.

F. A. H. SCHREINEMAKERS).

As I am engaged in the investigation of' the equilibria between

water, aniline and an acid, I wish to state brietly the results, which

I have found at 0° in the system Water-Aniline-Hydrochloric acid.

In the literature is described :

1. the aniline hydrochloride, to which is given the formula

C,H, .NH, .HCI.

2. C.H^ .NH, .(HC1)3, obtained by von Korczynski at —75°').

The compounds, which I have found at 0°, are the following :

(C«H,NH,), . HCl = Dg,

(C,H,.NH,),.(HC1)3.H,0:=D5.3.,

CeH^NH, . HCI=D,.i

(0,H,NHAo.(HCl)„ = Dio.n.

From my research I cannot deduce with certainty that Di.i exists

at 0° (at 25° and 35° I have however, been able to determine the

existence of Du with certainty).

Fig. I, which has i)een very much schematized for the sake of

clearness, represents the equilibria, which exist at 0° in the system

Water-Aniline-Hydrochloric acid; the angular points W =i water,

Z ^ hydrochloric acid, An =: Aniline represent the three components.

The isotherm at 0^ exists, as far as it has been determined out of the

following saturationcurves :

ah is the saturationcurve of Dc.i .

be represents solutions, in equilibrium, either with Di i
, or

with Dio.ii .

cd is the saturation curve of the hydrate D.-,.3.i

.

de is the saturation curve of D.o.n-

U he represents solutions, saturated with Dio.n, then Dio.n makes

its appearance twice, the saturation curve of D53.1 cutting out a

part in the middle.

A second possibility is, that be is the saturation curve of Di.i.

Lastly, although he is only a small curve, yet it may consist of

two curves, viz. the saturation curve of Dj. and that of Dio.i;. In

this instance the isotherm would consist of five saturation curves,

in which only four different solid substances make their appearance.

1) Berichte 43. 1820 (1910).
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In order to elucidate the relations, existing on the curve he, t

analysed four solutions of' this curve with their corj-espondinj;' solid

phases ; as the conjugation-lines licjuid-solid make a very sharji angle

with the side aniline-hydrochloric acid, no conclusion with respect

to Di.i and D;o.ii could be arrived at.

Theoretically two saturation curves should meet each other in an

angle ; sometimes, however, as also m this instance, the saturation

lines foi-m practically one single continuous curve.

In the binary system Water-Aniline the solution separates into

two liquid layers. On adding hydrochloric acid the two layers

approach each other in composition and a binodal curve results, as

is indicated schematically in Fig. T. The extreme points of it are

situated on the side Water-Aniline, its plait-point within the triangle.

From the figure can be seen, that, in agreement with the theory ^\

the saturation curve in the vicinity of" the plait-point is bent in the

same direction as the binodal curve.

Vi/

Fig. 1.

As the two curves do not intersect, a two-layer-"system, which is

saturated with a solid substance, will not exist at 0°.

The researches are continued at different other temperatures amongst

others at 25° and 35°. At 25° neither the hydrate D5.3.1 , nor the

double salt Dq 1 exists. On the other hand other combinations at

these temperatures have been proved to exist. As far as I have

determined, there exist at 25° amongst others :

^) V. A. H. Sghreinemakers, Die heterogenen Gleichgewichte von Bakhuis Rooze-

BOOM 1112 118.
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(C,H,.NH,),„.(HCI),, = D,o.,.

C^H^ . NH, . HCl = ü;.i .

At 35°

:

(C«H, . NHJ, . (HCl), = D4.5

(C«H, .NH,),„.(HCD„ = Dio.ii

C.H^.NH, .HCl^Du
(C,H, . NH,), . HCl = D2.,

(C,H, . NH3)3 . HCl = D3.1 .

The eontimiatiori of this work will liave to solve the question,

whether mixed-ci\ystals may also perhaps make their appearance in

this system.

Leiden, Inorganic-chemical Laboratory.

Chemistry. — "Concerning combinations of urea loith acids." By

D. F. DU ToiT. (Communicated by Prof. F. A. H.Schkeinemakers).

In all textbooks of organic chemistry it is usually stated as well-

known facts

:

1. that one molecule of urea forms an additive product with one

molecule of a monobasic acid,

2. that urea can easily be demonstrated by making use of the

small solubility of its nitrate, CON^H^ . HNO3. or of its oxalate,

2 . CONjH^ . (COOH)^ in the solutions of the corresponding acids.

Consequently it appeared interesting to find out how urea would

behave with respect to other acids (mono- as well as poly-basicj,

what the real solubility of the two above-mentioned salts is, and

whether urea is not capable of forming additive products with more

than one molecule of an acid. For this purpose certain isotherms

were determined in the ternary systems relative to this purpose,

and with the help of the "rests-method" the compositions of the

solid phases were deduced.

We will consider the solid substances only, which are in equi-

librium with the solutions.

Urea-Oxalic acid-Water.

This system was determined at 20° and at 30°. In addition to

urea and (COOH J . 2 H,0, the compound (CON,H;;, . (COOH), was

found.

8t>

Proceedings Royal Acad. Amsterdam. Vol. XVI.
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The compomid CON,H, . (COOH), . H,0 ^}, of which the prepara-

tion is rather peculiar, was not found at this temperature.

Urea-Acetic acid-Water,

At 16°,5, 30° and 32° was found in addition to urea the compound

CON.H, .(CH3.COOH),.

This compound, which melts at about 35°, is very soluble in

water, and is not dissociated by water.

Urea-Hydrochloric acid-Water.

At 20° were found, in addition to urea the two salts

(CON3HJ, . HCl. n and CON.H, . HCl. ')

Both salts are soluble in water without dissociation.

Urea-Nitric acid-Water.

At 20° the solid phases urea and the salt

CON.H, . HNO,.

were found.

The solubility of this nitrate is very small and decreases as the

amount of HNO3 in the solution increases, until at about 707o nitric

acid a minimum is reached. In nitric acid solutions of about 747o

the nitrate is completely decomposed.

Urea-Sulphuric acid-Water.

At 20° the solid phases urea and the two salts

(CON.HJ, . H,SO, and CON.H, . H,SO,.

were found.

The compound which Hantzsch") has obtained in all probability,

viz. CON2H4 . (H.SOJ,, was not found at this temperature.

These researches are continued at other tempeiatures as well as

with other acids.

Leiden, Inorganic chemical laboratory.

1) LiuBAWiN A. Spl. 8, 83.

2) Dessatgnes. J. 1854, 677.

3) Erdmann. J. pr. Gb. 25, 50G (1842).

•I) Hantzsch. Z. fur ph. Cli. Ü1, 280, i299 (1C08).
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Chemistry. — ''The occurrence of an upper critical point of

mixing at the coexistence of two mixed crystal phases" \^y

Prof. A. Smtts and C. A. Lobry de Bruyn. ^Communicated

by Prof. J. D. van der Waals).

1. When examining the system K CI ^— Na CI Kurnakow and

Zemczuznyi ^) found that as Fig. 1 shows, a continuous melting-point

line occurs here with a temperature minimum at dr 664°, and that

after the solidification a transformation still makes its appearance

in different mixtures.

qoo

8oó

joo'

6od

Soo'

/

goo'

Joo

boo'

Soo

^ /o io Jo I/O so bo 70 So go foo

Fig. 1.

The existence of these transformations (which is chiefly of interest

here) has appeared in two ways. In the first place from the curves

of cooling and in the second place from the fact that, as was first

found by Ostwald") and Beketoff ''), and afterwards confirmed

by Kurnakow and Zemczuznyi, the heat of solution of a mixture

1) Z. f. anorg. Ghem. 52, 186, (1907).

2) Journ. prakt. chem. 35, 8 (1882).

3) Z. f. anorg. chem. 40, 855 (1904).

36*
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which has suddenly been cooled from a lemperature above 407°

to 0°, differs considerably from that of a mixture that has been

allowed to cool down slotvly. In case of rapid cooling the

heat of solution appeared namely to be much smaller negative,

which points to an exothermal process, which failed to appear in

case of rapid cooling. After continued heating at 85°—150° the

negati\'e value of the heat of solution rose, and after a few days it

had acquired the value of the mechanical mixture.

It was on the ground of these phenomena that K. and Z. con-

cluded that the isomorphous mixtures are decomposed at 300°—407°,

so that solid solutions are formed, which already at 100"—150°

consist almost exclusively of the components.

This conclusion is also optically confirmed, for as Ostwald already

observed, the suddenly cooled mass gives the impression of white

enamel, whereas the salts taken separately yield a perfectly transparent

solid substance when the melt is cooled. On slow cooling it is now

clearly obser\'able that the enamel lar substance is converted to a

transparent mass.

Though in these experimental data clear indications are to be found

for the probable explanation of the observed phenomena, and this

explanation is easy to test, Kurnakow and ZkmczuZxNyi have evidently

not realized this, for they conclude : "Weitere Untersuchungen mussen

zeigen, ob die Zersetsung der feslen Lösungen von Erscheinungen

des Polymorphismus oder von anderen Ursachen abhangt." As

however these "weitere Untersuchungen" seem not to have been

undertaken by K. and Z., and as the question under discussion is

an exceedingly important one, which can be answered in a simple

way, we undertook the following investigation.

2 Ostwald's experiments and those of Kurnakow and Zkmczuznyi

about the heat of solution show that the stable state of equilibrium

at the ordinary temperature is most probably an equilibrium of two

mixed crystal phases, one of which consists practically of KCl, and

the other of NaCl
If this be true, we meet here with the interesting case that at

higher temperature these coexisting mixed crystal phases approacii

each other more and more in concentration, and become perfectly

identical at 407°, or in other words they exhibit an upper critical

mixing-pomt.

The top of the line PQR in Fig. 1 lying at about 66.6 mol. 7„

NaCl, the possibility of the occurrence of a compound might, however,

also be thought of It should be noted, however, tliat not a single
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fact pleads in favour of lliis supposition, hut that on the contmiy
the observed phenomena make this supposition highly improbable.

Nevertlieless it is iiere of some importance to consider also this case,

in vidiich the curve PQR then would indicate in what way the

temperature of the transformation homogeneous mixed crystals -^

mixed crystal phase + compound varies with the concentration.

To arrive at perfect certainty about the interpretation of the

phenomenon, the ternary system H.,0 — NaCl — KCl was studied

at 25° and atmospheric pressure, for so far as this was necessary

with a view to the question under investigation.

C^Cf

Aa
Fig. 2.

If no compound is found, and if D and E in Fig. 2 are the

mixed crystal phases coexisting at 25°, we shall have to do with

two solubility-isotherms PQ and QR, so that Q is the solution that

coexists with the two solid phases D and E. If we start from two

concentrations a and h, on the lefthand and the righthand of the

top Q, (see Fig. 1), it is clear thai these two mixtures, which are

homogeneous at temperatures above 407°, will consist of the two-

phase complex D -\- E 2^. 25°, but in different ratio.
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So when we shake these inixtiires at 25° with such a quantity

of water that the two solid phases continue to exist side by side,

in both cases, the coexisting solution will lie in Q, or in other words

the coexisting solution will always possess the same concentration

independent of the concentration of the phases.

If on the other hand we had to do with the appearance of a

compound V (see Fig. 3), we sliould, working in the same way,

cxa

Fig. 3.

stai'ting from the mixture a, obtain the coexistence of solid KCl -j-

solid compound V -\- solution Q. Starting from b on the other hand

we should get solid compound V -\- solid NaCl -j- solution R. So in

this case the coexisting solution would not be the same for the two

experiments.

3. The just-mentioned circumstances may, therefore, supply an

exceedingly simple method to solve the pending question.

Two mixtures a and b of the substances which had been previously

pui-ified, were melted in a platinum crucible, after which they were



put in a vessel of Jena glass, wliicli liad been placed in a nitrate

bath of ± 360°. The nitrate batli was then allowed to cool very

slowly, in which the range of temperature between 370°—340°

was passed through in about 3 hours; the further cooling pi'oceeded

more rapidly. The obtained solid substance was then ground to

powder, and then shaken in a thermostat with a little water at 25°

for 2 hours, after which in the usual way a certain quantity of

saturated solution was twice pipetted off.

We determined of each quantity obtained in this way :

1. the total weight.

2. the weight of the sum NaCl + KCl (by careful evaporation,

followed by heating to the temperature of melting).

3. the weight of KCl (according to Schlösing-Wense's method).

At the same time for a comparison the solubility of the same

mixtures a and b was determined at the same temperature, but when

they had not been heated previously.

1
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The two mixtures a and b lui-i the following concentration

(4.476 ,^T. KCl
n \

(2,340 gr. NaCl

(1,492 gr. KCl

or

'4,680 gr. NaCl
or

60 niol. "/„ KCl

40 mol. 7„ NaCl

20 mol. 7„ KCl

80 mol. 7„ NaCl.

The result of the investigation is given in the preceding table, p. 561 in

which all the quantities are calculated for 100 gr. of the mixture.

It appears with the greatest clearness from the good agreement

between the values in the columns 2, 3, 4, and 5 that in the two

cases the coexisting liquid has the same concentration for the examined

threephase equilibrium, from which follows that we have really to

do here with the phenomenon of unmixing in the solid state, which,

as is indicated ir. the T,AMignre, occurs over an ever diminishing

region of concentration at higher temperature, terminating finally in

an upper critical mixing-point.

Towards lower temperature the unmixing always increases so that

cm

/ïaCe
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according to Krickmeyek's iiiveistigations '), only one of tlie two salts

could be demonstrated in each of the coexisting solid phases at 25°.

The real situation of the isotherms at the temperature of 25° has

been given in B'ig. 4. According to this investigation the point Q lies at

:

8,20 mol. 7o NaCl

3,43 „ „ KCl

88,37 „ „ H,0

whereas van 't Hoff and Meijkrhoffer ^) found

7,9 mol. 7„ NaCl

3,5 „ „ KCl

88,6 „ „ H,0.

The situation of the points P and R has not been determined

anew, but vvas derived from the literature '').

F denoting the solubility of Kr;i at 25°, lies at 7,96 mol 7„ KCl
and 92,04 „ „ H,0

R denoting the solubility of NaCl at 25°, lies at 9,96 „ „ NaCl

and 90,04 „ „ H/).

4. What is remarkable about this is that these solubility-isotherms

PQ and RQ must be connected continuously by means of a ridge

with a partially metastable, partially unstable part, and that at the

temperature of the upper critical mixing point this continuity enters

the stable region.

In this connection it may be pointed out that by this investigation

it has been proved for the first time that ?-lines exist for solid

mixtures, which must actually have a shape as is schematically

given in Fig. 5. This line points to an interrupted series of mixed

crystals, though the C-line is continuous. This contiimity, however,

lies here in the unstable region, and enters the stable region for

the first time at the upper critical mixing point.

In Fig. 6 the 7^, T'-projection of the system KCl—NaCl is sche-

matically represented to show that here a plaitpoint curve for the

solid substance (*S, = >S,) must exist, which will probably run to

infinite pressure.

In conclusion it may be stated that the phenomenon of the

appearance of an upper critical mixing point in the solid state

discussed here probably occurs for a number of other systems, as

1) Z. f. phys. Ghem. 21, 53, (1896).

2) Ber. Kgl. Pr. Akad. Wiss. Berlin 590 (1898).

3) Andreae J. pr. Ghem. 29, 456 (1889).
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Fig. 5.

B

Fig. 6.

e.g. for LiCl—NaCPl CaCl,-xMnCl,^\ CaCl,—SrCU^) CaSiO,—CaS ^)

KBO,—NaBO, '\ Fe—Ni ').

Amsterdam, 23 Nov. 1913. Anorg. Cfiein. Laboratory

of the University.

1) Zejiczuznyi and Rambach, Z. f. anorg. Giiem. 65, 403 (1910).

2) Sandonnini. Rend. Line 20, 11, 456 (1911).

) » DJ)»»»»
^) Lebedew. Z. f. anorg. Ghem. 77, 301 (1911).

5) Van Klooster. Z. f. anorg. Ghem. 69, 122 (19 ;0).

6) GuERTLER and Tammann. Z. f. anorg. Ghem. 44, 205 (1905).
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Chemistry. — '^'Tlie allotropy of zinc." I. By Prof. Ernst Cohen

and W. D. Helderman.

As long as lialf a century ag'O xarions investigators tried to solve

the problem whether zinc might be capable of existing in different

allotropic modifications.^) As late as 1890 Le Chatelier^) proved

that this metal does really show a ti-ansitionpoint in the neigh-

bourhood of 350°. Mönkemeyer^) found this point at 321°, Benedicks")

at 330° (melting point of pure zinc 41 9°.4) whilst the measurements

of Max Werner ^) (who found 300°), published some weeks ago,

agree sufficiently with those of Le Chatelier. We shall discuss in

a subsequent paper the differences which exist amongst the results

of the investigators mentioned above. Whilst Benedicks mentions a

second transitionpoint (at 170°), Max Werner was unable to find

this point. The question whether it really exists or not may be left

open for the moment.

As long ago as 1806 Charles Hobson and Charles Sylvester ^)

stated that the mechanical properties of zinc are very different in

different ranges of temperature. It may be pointed out here (as also

stated by ourselves) that zinc which is hard at ordinary tempera-

tures, becomes extremely brittle after having been melted and

chilled.

Most of those who have studied this metal, point out that the

values which are given in the literature for its density differ amongst

themselves very considerably.

This fact has formed the starting point for the researches of

Kahlbaum and his collaborators^) (following a way indicated by

Spring) on the influence of very high pressures on the density of

metals in general. We shall discuss this question in a special paper;

here it may be pointed out that ^ears ago Bolley ^) as well as

Rammelsberg '') carried out some experiments in order to find out

1) The earlier literature on this subject will be given in our paper in the

Zeitschrift fur physik. Chemie.

2) C. R. Ill, 414,454(1890). Contribution a l'étude des alliages, Paris 1901, p. 416.

3) Zeitschr. f. anorg. Chemie, 43, 185? (1905).

^) Arkiv for Matematik, Astronomi och Fysik, 6 (1910), quotation from a separate

copy Metallurgie, 7, 531 (1910).

5j Zeitschr. f. anorg. Chem. 83, 275 (1913).

6) Nicholson's Journal of Natural Philosophy, 11,304 (1806). Translation in

Gehlen's Neues allgemeines Journal der Chem.ie, 6, 728 (1806).

7) Zeitschr. f. anorg. Chemie 29, 177 (1902).

8) Liebig's Annalen, 95, 294 (1885).

9) Monatsberichte der königl. preussischen Akad. der Wiss. zu Berlin, 1880,

pag. 225.
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if its previous history (chilling, slowly cooling etc.) had any influence

on the density of zinc. These investigations are not exact enough

to yield a definite conclusion. Rammelsberg, summing up his measu-

rements, says: "Nach dem Gesagten handelt es sich hier nicht um
molekulare Modifikationen. Wir finden nur, dass der schnelle Ueber-

gang aus dem flüssigen in den festen Zustand die Sprödigkeit des

Metalls erliöht . .
." It will be pi'oved here that this conclusion does

not agree with the facts.

We thought it necessary to carry out fresh experiments on this

subject. Considering the results of our investigations on tin, bismuth ^)

and cadmium^), and in view of the existence of a transitionpoint

at 350° it might be expected that the metal, which has been called

"zinc" until now, might be a metd.stable system, containing two or

more allotropic modifications of this metal.

The following experiments prove that such is really the case. We
melted one kilo of the metal (Zink-"KAHLBAUM"; we were not able

to detect any impurity in 100 grams of the material). It was then

poured out into a cylinder made of asbestos-paper, which was placed

in a glass beaker. The beaker was filled up with solid carbon-dioxyde

and alcohol. In this way the melted metal was chilled very quickly.

The cylinder of zinc formed in this way, was turned into small

pieces on a lathe; the outer layer was not used in the following

experiments. The metal was washed with ether: after this we carefully

determined its density I c? —3— I, using a pycnoraeter contammg 2i) cc.

The material was divided into two parts {Zni and Znjj), which were

manipulated separately.

In this way we found (21 hours after having chilled the metal)

25°.0
d —^ Ziij 7.130 Zuff 7.129.

We then brought the samples (weighing each 35 grams) into a

Jena glass flask, into which was poured so much of a solution of

zincsulphate, (saturated at 15°) that the metal was covered by the

solution. The whole was then heated at 100° for a long time.

At different intervals of time we took the metal out of the flasks

washed it with dilute hydrochloric acid and water (until the reactions

for SO4 and CI had disappeared), alcohol and ether. It was then

dried in vacuo, using sulphuric acid as a drying agent. After these

operations the density of the two samples was determined again,

using the whole mass (35 grams) in the pycnometer.

1) Zeitschr. fur physik Chemie 85, 419 (1913j.

2) Proceedings 16, 485 (1913).
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In this way we found :

Density d
25°.0

4°.

Specimen Znj Specimen Ziijj

After 24 hours 7.124 7.128

72 „ 7.114 7.121

„ 192 „ 7.116 7.112

„ 386 „ 7.102 7.109

In comparing these vahies with the original one, it will be seen

that the density has decreased at least 24 units of the third decimal

place and that this decrease was a continuous one during the whole

experiment.

Now there exists full agreement between these results and that

of Kahlbaum and his collaborators, described in the paper mentioned

above. In the distillation of zinc in a porcelain tube in vacuo they

determined the place where the metal was deposited in the inner

side of the tube by photographing it by means of RöNTGEN-rays. In

this way they found (the photo is reproduced in their paper), that

the zinc was deposited at a small distance from the hottest part of

the tube. Consequently the metal has been able to remain during

the cooling in the condition which corresponded to its temperature.

In full agreement with this manner of cooling the density of the

/ 20° \
metal was found to be very low I a . —^ 6.922 1 . This value probably

lies very near to the density of pure «-zinc.

Our experiments prove that we have to consider "zinc" as a

metastable system. The moditication formed at high temperatures,

only very slowly changes into that which is the stable one at 100°

(at ordinary temperature). In this way we find (as in the case of

tin, bismuth and cadmium), that our "zinc world" is in a metastable

condition.

As there exists a e;reat difference between the specific volume of

the modifications of zinc, all objects made from this metal will

disintegrate in the long run.

In conclusion the following facts may be pointed out

:

Quite recently M. U. Schoop invented a method of coverirlg

any object with a layer of metal. In order to do so (the operation

is called "schopieren") the metal (in the form of a wire) is mechan-

ically moved through an oxy-hydrogen flame. A strong current of

nitrogen "atomizes" the metal which immediatelj' covers the object

which is held before the burner. Evidently this device forms an
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ideal method foi- producing cliilled metal. If any object has been

covered in this way with "zinc", tliis layer is in a inetastable con-

dition aftei' cooling to ordinary temperature.

In consequence such a layer will disintegrate in the long run.

That the metal made in this way is not in the ordinary condition

is proved by experience. Nf.l burger ^) says about it (in the case

of tin) :

••.... ebenso erleiden diese uriter Umstanden auch eine teilweise

Veranderung ihrer physikalisclien Eigenschaften, die in einer Ver-

grösserung der Harte besteht Wahrend gegossenes Zinn nach

der BRI^ELLSCHEN Kugeldruckprobe einen Hartegrad von 9.5 aufweist,

zeigt gespritztes einen solchen von 14.2".

We hope to be able to report shortly on the metastability of

these "atomized" metals.

VAN 't Hoff— Laboratory.

Utrecht November 1913.

Physics. — "A rapid Thermopile" By Dr. W. J. H. Moll. (Com-

municated by Prof. W. H. Julius.)

Among the many instruments, which have been devised for the

quantitative investigation of visible and invisible radiation, the thermo-

pile occupies the foremost place in order of both priority and

merit. Though for special researches and under particular circum-

stances the bolometer and the radiometer may be deemed more

suitable, the thermopile has never ceased to find its application, for

the most delicate measurement as well as for the simple demon-

strative experiment.

It is particularly of late years, that it has once again attracted the

attention of a number of investigators, and that numerous improve-

ments in its construction have been tried. All of these had the same

purpose, namely to increase the sensitiveness of the instrument.

Another property, however, is by no means of less importance,

viz. the rapidity with which, after the radiation has been admitted

or intercepted, thermal equilibrium is reached in the pile. The greater

this rajjidity, the better is the instrument adapted to the invest-

io-ation of all sorts of radiation-phenomena of short duration and of

rapid variability, and also to those researches which require a long

series of successive readings, and which with a slow instrument

1) Die Naturwissenschaften, I, 465 (1913).
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become exti-emely wearisome. But besides all this, great rapidity of

the thermopile implies, as is easily conceivable, great stability of the

zero, and its indications will therefore be the more certain, the more

quickly they are arri\'ed at.

The common thermopile, as is generally known, is a rather slow

instrument.

In the oiiginal form, devised by Melloni, it consists of a number of

metal bars, joined so as to form a bundle, at the terminals of which

the two sets of junctions are found. The great heat-capacity of such

a system causes the rise in temperature of the exposed junctions to

continue a long lime, and thus a considerable delay occurs before

equilibrium of temperature is reached.

The thermopile of Rubens is built up from metal wires, arranged

zig-zag wise in the same plane. A slit is adjusted so as to admit

the radiation only to the "odd" junctions. The much smaller heat-

capacity of this pile is to the advantage of both its rapidity and its

sensitiveness. The rapidity, nevertheless, is still comparatively small;

in the case of a specimen which 1 examined the thermo-electric

current took 6 seconds to reach 99 Vo of its definitive value.

The improvements, which in recent years the thermopile has

undergone, relate to small details of construction only, viz. the number,

the dimensions, and the material of the wires. It is true, that some-

times the sensitiveness was thus improved, but invariably at the cost

of the rapidity.

The rapidity of a thermopile is determined by the rapidity with

which a difference in temperature of the junctions comes to an equi-

librium; a process in which not only the heat-capacity of the junctions

plays a role, but also, and chiefly, the heat-exchange by conduction,

radiation, and convection.

Heat-exchange also takes place while the instrument is being

exposed to the radiation, and will thus have a directly prejudicial

effect on the sensitiveness. If therefore this exchange be furthered

in order to increase the rapidity, we shall have to expect a dimi-

nution of the sensitiveness, unless we arrange so as to compensate

for it in some other way.

Now% for various applications of the thermopile (in particular, when
it is employed not for spectral work, but for the measurement of

"total radiation") the imrrowness of the exposed surface is of no

advantage. A wider surface, which receives a greater part of the

radiation, would appear more suitable for the work in hand.

In the following lines a thermopile will be briefly describedi
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Vvliicl) has been constnioted according to a whollj different principle.

In its construction the two conditions — a prompt heat-exchange

and a wide surface exposed to radiation — are satisfied, and conse-

quently a high degree of both rapidity and sensitiveness has been

attained.

The thermopile is built np of a great number of metal strips.

Each of these consists partly {nb) of constantan, and partly {be)

)f copper, and is soldered at both ends on two copper bars (^ and/).

lids constantan-copper strip can be exposed

to the radiation throughout its entire length.

Then, on acconnt of the great difference in heat-

capacity of the two junctions a and b, bwi\[

attain a higher temperature than a ; the equili-

brium of temperature being attained in a very

short time, in consequence chiefly of the

good heat-conduction between the junctions.

As copper and constantan differ considerably in heat- conductivity,

the two metals which form the strip are taken of different thickness

(and length), so as to have the temperature highest at b, while the

strip is exposed to radiation.

Elements, as desci'ibed, may be readily combined to form a pile.

Thus I built a surface thermopile of 80 elements, which, being

arranged in three rows (of 24, 32, and 24 elements respectively),

practically fill a circular surface of 2 cm. in diameter. The total

resistance is about 9 ohms. The sensitiveness and the rapidity of this

thermopile may be inferred from the follow iug data. The radiation

from a standard candle at a distance of 1 metre produces an electro-

motive force of 18 microvolts, the current reaching 9970 of its

definitive value within IV2 seconds.

The heat-capacity of the bars e and ƒ is still further increased

by clamping them (with the insertion of a thin sheet of mica) to a

heavy piece of copper, this piece of copper occupying the space

betw^een the bars as far as just below the strip abc. When the

pile has been exposed for some time, and therefore has absorbed

heat, the temperature of this metal mass will certainly have risen

somewhat, but both the junctions will undergo its influence practically

to the same degree. The thermopile therefore displays an uncom-

monly great zero-stability.

Similar elements may also be combined so as to form a thermopile

for spectral investigation, but, since in this case the exposed surface

must be narrow, such an instrument will be less sensitive. 1 have
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compared a linear thermopile of this kind, consisliiig of30 eieniciils,

witli a Rubens pile. Their resistance is tiio same (3—5 olims), and in

the ease of equal surface (20 X 1 mm.) my thermopile exhibits a

sensitiveness some 20 Va smaller. This disadvantage, however, is aniplv

compensated for by its rapidity, wiiich is 4 times as great^).

Thermopiles of this construction are manufactured by Messrs.

Kipp & Sons of Delft.

Physiology. — "Eocperimenis on the atonical muscle." IJ. By Prof.

J. W. Langelaan. (Communicated by Prof. H. Zwaakdeimakeh.

(This communication will not be published in these Proceedings).

^) A rapid and sensitive galvanometer of low resistance, adapted for use in

combination with these lliermcpiks, has been described in the proceedings of the

meeting of Jmie 28, 1913, p. 149.

(December 27. 1913).
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